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ABSTRACT 

This  r e p o r t  summarizes t h e  f i e l d  suppor t  and d a t a  a n a l y s i s  

and a s s o c i a t e d  r e s e a r c h  performed for NASA Goddard Space F l i g h t  

Center by GUS Manufacturing, I n c .  i n  suppor t  of t h e  a c o u s t i c  

grenade sounding program under Contract  NAS5-20039 d u r i n g  the 

pe r iod  7 February 1 9 7 4  through 3 1  October 1 9 7 6 .  

o v e r a l l  Meteoro logica l  Rocket Sounding Program, t h e  a c o u s t i c  

grenade technique  i s  u t i l i z e d  t o  determine tempera ture  and h o r i -  

z o n t a l  winds i n  t h e  3 0  t o  9 0  k m  a l t i t u d e  range  of  t h e  upper at- 

mosphere. 

A s  p a r t  of NASA's 

During t h e  pe r iod  covered by t h i s  c o n t r a c t ,  a t o t a l  o f  8 

a c o u s t i c  grenade soundings w e r e  conducted a t  two l o c a t i o n s :  

Wallops I s l a n d ,  V i rg in i a  and Kourou, French Guiana. F i e l d  sup- 

p o r t  provided a t  t h e s e  l o c a t i o n s  included deployment of the 

l a r g e  area microphone system,. supe rv i s ion ,  maintenance and op- 

e r a t i o n  of sound-ranging s t a t i o n s ;  and coord ina t ion  o f  a c t i v i t i e s .  

D a t a  a n a l y s i s  e f f o r t s  included t h e  a n a l y s i s  of f i e l d  d a t a  t o  

determine upper atmospheric meteoro logica l  parameters .  

f o r  xpp1zr a tmospheric  temperature ,  wind and d e n s i t y  are inc luded  

i n  t h i s  r e p o r t  i n  t h e  form of  a p l o t  and t a b l e s  f o r  each  of  the 

a c o u s t i c  grenade soundings conducted du r ing  t h e  c o n t r a c t  pe r iod .  

Research e f f o r t s  w e r e  d i r e c t e d  toward a sys t ema t i c  compari- 

son of t empera ture  d a t a  from a c o u s t i c  grenade w i t h  o t h e r  meteor- 

o l o g i c a l  s enso r  probes i n  the upper atmosphere. T h e  comparison 

s tudy  i s  publ i shed  as a s e p a r a t e  r e p o r t ,  namely,Comparison of 

P r o f i l e s  

Temperatures Obtained by Acoust ic  Grenade and Thermistor Soundings 

of t h e  Upper Atmosphere. 
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SECTION 1 
INTRODUCTION 

1.1 GENERAL BACKGROUND AND PURPOSE 

T h i s  r e p o r t  summarizes t h e  f i e l d  suppor t ,  d a t a  a n a l y s i s  and 

a s s o c i a t e d  r e s e a r c h  performed by GUS Manufacturing, I n c . ,  i n  sup- 

p o r t  of the a c o u s t i c  grenade sounding program under Contract  

NAS5-20039 dur ing  t h e  per iod 7 February,1974 through 3 1  October ,  

1 9 7 6 .  As p a r t  of NASA's o v e r a l l  Meteorological  Rocket Sounding 

Program, t h e  a c o u s t i c  grenade technique i s  t h e  only  one which 

provides  s imultaneous determinat ion of both  h o r i z o n t a l  winds and 

t empera tu re  i n  the 30  t o  9 0  km a l t i t u d e  range of t h e  upper at-  

mosphere. These d a t a  are used i n  determining s ta t i s t ica l  models 

of upper a tmospheric  temperature  and wind s t r u c t u r e ,  i n  i n v e s t i -  

g a t i n g  g r a v i t y  wave propagat ion i n  the upper atmosphere, and i n  

i n t e r p r e t i n g  and developing t h e o r e t i c a l  models f o r  s t r a t o s p h e r i c  

warnings,  as w e l l  as se rv ing  as a n c i l l a r y  information i n  support  

of composi t ion measurements conducted i n  the upper atmosphere. 

The temperature  and wind s t r u c t u r e  i n  t h e  a c o u s t i c  grenade 

technique  are determined bas ica l ly  by measuring t h e  propagat ion 

p r o p e r t i e s  of a c o u s t i c  waves and so lv ing  the i n v e r s e  propagat ion 

problem t o  deduce the temperature  and winds producing t h e s e  ob- 

served propagat ion p r o p e r t i e s .  The a c o u s t i c  waves r e s u l t  from 

rocketborne  grenades which are e j e c t e d  and exploded one by one 

a t  r e g u l a r  predetermined i n t e r v a l s  a l o n g t h e u p l e g  p o r t i o n  of the 

r o c k e t ' s  near  v e r t i c a l  t r a j e c t o r y .  The fundamental  measurements 

are the  b u r s t  time and p o s i t i o n  of each grenade explos ion  along 
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with the time at which the resulting acoustic wave arrives at 

each microphone in a ground-based sound-ranging array. The order 

of arrival of the acoustic wave at each microphone determines the 

direction of the associated ray. Tracing the ray path up through 

the atmosphere to the grenade explosion point enables the cal- 

culation of the average sound speed and horizontal wind components 

in the layers between successive grenade explosions, with the . 

average temperature determined directly from the sound speed. 

Pressure and density profiles are then extrapolated upward begin- 

ning with a known high-altitude pressure measurement via a simul- 

taneous solution of the ideal gas law and the hydrostatic equation, 

making use of the grenade-determined temperature profile. 

1.2 SUMMARY OF WORK PERFORMED 

The work performed by G U S  under this contract is separated 

into t?lree areas, field support, data analysis, and research. 

Field support consisted of supervision, maintenance and opera- 

tion of sound-ranging stations; coordination of activities at 

field support sites; and deployment of the large area micro- 

phone system (LAMS)  at the field support sites. Data analysis 

efforts included the analysis of field data to determine upper 

atmospheric meteorological parameters; the generation of a plot 

and associated table for upper atmospheric temperature and wind 

structure f o r  each of the acoustic grenade sounds conducted dur- 

ing the contract period. A summary table of temperature, wind 

speed and direction, pressure and density and standard error was 
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a l s o  generated f o r  each sounding. Research e f f o r t s  w e r e  d i r e c t e d  

toward a sys temat ic  comparison of temperature  d a t a  from a c o u s t i c  

grenade and the rmis to r  soundings.  

During t h e  per iod  covered by t h i s  c o n t r a c t  e i g h t  a c o u s t i c  

grenade soundings w e r e  conducted a t  two f i e l d  support  l o c a t i o n s :  

Wallops I s l a n d ,  Vi rg in ia .  

S i x  soundings were conducted; a l l  w e r e  

success fu l .  

K O U ~ O U ,  French Guiana. 

Two soundings were conducted; a l l  w e r e  

success fu l .  

T h e  l a r g e  area microphone system (LAMS) w a s  u t i l i z e d  i n  expanded 

a r r a y s  a t  Wallops and i n  t h e  sound-ranging s t a t i o n  a t  Kourou, 

French Guiana. Since it is a very p o r t a b l e  system, the  LAMS 

provides  great f l e x i b i l i t y  i n  quickly assembling a sound-ranging 

s t a t i o n  a t  any d e s i r e d  f i e l d  support  s i t e .  

The a n a l y s i s  o f  a c o u s t i c  grenade data t o  y i e l d  upper at-  

mospheric temperature ,  winds, p r e s s u r e ,  d e n s i t y ,  and t h e  s t anda rd  

e r r o r s  a s s o c i a t e d  w i t h  temperature  and winds, cont inued t o  be  an 

important  GUS function throughout the c o n t r a c t  pe r iod .  The f i n a l  

r e s u l t s  w e r e  generated i n t o  a format s u i t a b l e  f o r  direct p u b l i -  

c a t i o n  by NASA. 
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The t h e o r e t i c a l  s tudy  performed dur ing  t h i s  c o n t r a c t  per iod  

w a s  d i r e c t e d  toward conducting a sys temat ic  s t a t i s t i c a l  compari- 

son of temperature  p r o f i l e s  ob ta ined  us ing  a c o u s t i c  grenade and 

t h e r m i s t o r  soundings t o  determine t h e i r  degree  of cons is tency  i n  

measuring the  temperature  of the same p a r c e l  of a i r .  T h i s  s tudy  

i s  an ex tens ion  of a similar s tudy  previous ly  conducted under 

Contract  N A S 5 - 1 1 5 7 6  us ing  a v a i l a b l e  d a t a  from 1 9 6 0 - 1 9 7 2 .  The 

s tudy  w a s  prompted i n  p a r t  by t h e  requirement of s a t e l l i t e  t e m -  

p e r a t u r e  sens ing  systems for accura t e  s t r a t o s p h e r i c  temperatures  

for c a l i b r a t i o n  purposes .  

The comparison r e p o r t  i s  publ ished as a s e p a r a t e  j o i n t  paper  

wi th  NASA. It c a r r i e s  t h e  t i t l e  Comparison of Temperatures Ob- 

t a i n e d  by Acoust ic  Grenade and Thermistor Soundings o f  t h e  Upper 

Atmosphere by David U .  Wright, J r . , N A S A  and Dan J .  Ramsdale, Con- 

s u l t a n t  t o  G U S  Manufacturing, Inc .  

An a b s t r a c t  of t h i s  paper  i s  included i n  Sec t ion  4 .  
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SECTION 2 

FIELD SUPPORT 

I 2 . 1  INTRODUCTION 

Two f i e l d  suppor t  s i t e s  were used dur ing  t h i s  c o n t r a c t  

pe r iod :  (1) a f o u r t e e n  microphone t r i p l e  sound-ranging a r r a y  

I a t  NASA Wallops S t a t i o n ,  Wallops I s l a n d ,  V i rg in i a ;  ( 2 )  an e i g h t  

microphone t r i p l e  sound-ranging a r r a y  a t  Guiana Space Center  

( G S C )  a t  Kourou, French Guiana. 

2 . 2  FIELD SUPPORT 

I 
2 . 2 . 1  Wallops I s l a n d ,  Vi rg in ia  

The Wallops t r i p l e  sound-ranging a r r a y  i s  shown i n  

F igu re  1 . T h e  t h r e e  sound-ranging s t a t i o n s  comprised t h e  

Wallops t r i p l e  a r r a y .  T h e  Main Base hotwire  a r r a y  of s i x  micro- 

phones w e r e  opera ted  and maintained by Wallops pe r sonne l ,  wh i l e  

GUS personnel  assumed complete r e s p o n s i b i l i t y  for t h e  LAMS a r r a y .  

GUS provided adv i so ry  personnel  f o r  t e c h n i c a l  c o n s u l t a t i o n  as 

r e q u i r e d .  

The LAMS a r r a y  comprised of e i g h t  LAMS microphones, 

f o u r  l o c a t e d  a t  Assateaque, two a t  Spandar and two a t  Main Base. 

T h e  two a t  Main Base w e r e  l oca t ed  w i t h  two o f  the hotwire  micro- 

phones t o  check t h e  a c o u s t i c  phasing between the two systems. 

Very l i t t l e  d i f f e r e n c e  w a s  found i n  t h e  two sys tems,  making the 

d a t a  compatible .  
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2 . 2 . 2  Kourou, French Guiana 

I n  March 1 9 7 4  GUS personnel  accompanied NASA person- 

nel and o t h e r  i n t e r e s t e d  p a r t i e s  t o  t h e  Guiana Space Center  ( G S C )  

at Kourou, French Guiana t o  i n s t a l l  t h e  LAMS a r r a y  and sound- 

ranging  s t a t i o n  and recorded two a c o u s t i c  grenade soundings.  

The a r r a y  a t  Kourou i s  shown i n  Figure 2 .  
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SECTION 3 
DATA ANALYSIS 

3.1 INTRODUCTION 

The instrumentation and analysis techniques are reported 

o r  referenced in Final Report for Field Support, Data Analysis 

and Associated Research and Development for Acoustic Grenade 

Sounding Program, January 1974, prepared by GUS Manufacturing, 

Inc. f o r  Goddard Space Flight Center under Contract NAS5-11576. 

The same analysis techniques were employed in reducing the data 

and preparing the following data plots, tables and summary tables 

f o r  the eight soundings covered by this present contract. 

3.2 L I S T  OF SOUNDINGS 

P l o t s  and summaries are included on the next sixteen pages 

for the following acoustic grenade soundings: 

1. 
2. 
3. 
4. 
5 .  
6. 

7 .  
8 .  

Kourou RGE 10.421 
Kourou RGE 10.422 
Wallops RGE 10.413 
Wallops RGE 10.407 
Wallops RGE 10.415 
Wallops RGE 10.423 
bJ&llOp-S RGE 10.424 
Wallops RGE 10.410 

22 March 1974 
22 March 1974 
24 July 1975 
7 August 1975 
19 Nov. 1975 
21 m v .  1975 
3 Dec. 1 3 7 5  
4 Dec. 1975 

0645 GMT 
0930 GMT 
0520 GMT 
1610 GMT 
1745 GKT 
0 4 1 1  GMT 
1657 GMT 
0525 GMT 
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ALT I TUUE 
K M s L TEMPERATUKE 

D E 6  K 
EkROR 
DE(; K 
0.2 
0.5 
0.5 
0.8 
0.8 
0.6 
0.5 
0.6 
0.7 
1.3 
1.8 
1.9 
1.9 
2.0 
1.8 
2.1 
1.9 
1.8 
?.? 
1.8 
1.2 
1.6 
1.8 
1.9 
1.1 
1.7 
1.9 
2.2 

GMT 

i U I N D  SPEED 
M / S k C  

EKKC)R 
UEG 
2.1 

71.3 
33.0 
16.6 
lV.8 
ZY.5 
14.0 
11.2 
6.6 

10.4 
4.2 
4.1 
5.0 
5.6 
4.8 
10.5 
7. 1 
7.8 
9.6 
6.5 
4.2 
4.7 
6.6 
5.7 
2.0 
5. 2 
8.2 

20.2 

34800 e6 
38683.3 
42477.4 
45577.0 
47988.5 
50354 -6 
52683 -4 
54965.0 
57211.6 
59420.1 
2 4% : + 
65793.1 
67847.5 
69850 1 
71820 e7 
7 3749.1 
75635, 1 
77496.7 
79333.4 
81117.7 
82841.4 
84535 0 0  
80180 m0 
88948 e 1  
92022.7 
94227.6 
90336 .O 

0.6 
1.2 
1 b 4  

2.7 
3 02 
2.2 
1.5 
1 . Y  
2.8 
2.2 
2 -4 
2.8 
3.0 
3.3 
3.1 
3 06 
5 -2 
4.7 
4.9 
3 -6 
2.9 
4.1 
3.8 
5 09 
3.0 
3.9 
3.9 
7.0 

77.4 
2 70.9 
306.0 
346.2 
L5.3 

243.5 
273.5 
3u4.3 
269.2 
269.3 
272.1 
266.5 
254.8 
266.5 
246. Y 
347.3 
27.5 
48.1 
86.5 

124.5 
129.6 
111.2 

1.6 
3.3 

53.2 
75.6 
14.5 

280.1 
237.5 
26402 
264 0 
265.5 
270.6 
264.9 
258.8 
254.4 
246.4 
242.5 
241.6 
230.3 
217.1 
212.7 
703.4 
7'16.9 

32:: 
177.3 
183.3 
19906 
192.5 
196.5 
181.5 
204.3 
171.2 
172.9 
181.2 

28.5 
1.3 
3.5 
8.7 
5.2 
3.5 
9. lJ 

14.7 
24.3 
19.8 
51.2 
59.4 
53.5 
52.6 
57.5 
29.9 
25.9 
31.6 
37.6 
48.3 
38.6 
45.5 
4003 
37.3 
57.2 
01.5 
46.9 
14.6 

TS W I  ILU COMPONElv 
M/SEC 

ALT I TUDE 
M MSL 

36000 
38000 
43LI0u 
42000 
44000 
46000 
48000 
5ou00 
52UOO 
54000 
56UO0 
58b00 
60000 
62000 
64000 
66000 
68000 
70000 
72000 
74030 
76000 
78000 
80LJUO 
A2000 
fi400O 
86000 
8 & 0 0 0  
9 0 0 0 0  
9 2 0 0 0  
94000 
96000 

SOUTH 
COMPONENT C 

n'li S T 
1 OM P 0 I\ E I\ T RGE 10.422 

-4.3 
-1.3 
-0.3 
-0.6 
-2.8 
-5.8 
-7.9 
-4.0 
1.7 
1.1 

-6.8 
-8.6 
0.0 

-0.1 
-0.9 
4.6 
11.1 
5.8 
4.3 

-23.2 
-27.1 
-15 7 
11.4 
25.4 
17.9 

-27.5 
-50.3 
-50 . 2 
-35 8 
-16.1 
-13.7 

-18.8 
-3.9 
2 00 
3 a 2  
5.2 
5.9 
2 e 2  

-0.3 
5 - 2  
11.9 
17.1 
2u.0 
28 09 
5 1  0 9  
57.7 
53.4 
5201 
51 * 8  
26.2 
3 * u  

-16.8 
-33.7 
-41 e 4  
17 - 2  

-35 0 5 
-8.9 
-2 0 5  

-19 00 
-44.9 
-43 1 
-13.3 

KOUROU 22 MARCH 1974 0930 
I I I 
I I 1 

7x 80 

I 
60 

w 
3 
I- 
+ 

n 

- 
-I 40 a 

20 

0 

I I > I \  
I 

T- 

I60 200 240 280 
TEMPERATURE (K)  WIND 

LEGEND 
(M/SEC) 

L 5M/SEC 
OR LESS 

h 5OM/SEC 

1 DIRECTION OF 
NORTH WIND L IOM/SEC 
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A L T I T U D E  
M MSL 

, 36173.2 
399  6 7  0 3  
4 3 6 7 0  01 
4 6 7 1 0 . 0  
4 9 0 9 0  a9 
51411.2 
53688.3 
55935.5 
5.8139 0 4  
6 0 3 0 1  0 2  
62427 .8  
6 4 5 0 8  01 
6 6 5 5 1  00 
6 8 5 5 8  0 6  
7 0 5 2 1  e9 
7 2 4 4 4  1 
7 4 3 3 6  0 6  
76180 .8  
7 7 9 7 6  a 7  
7 9 7 5 9  09 
8 1 5 0 2  00 
83186.6 
8 4 8 2 9  06 
8 8 0 0 6  a 8  
8 9 9 0 5  04  
9 2 1 1 1  0 6  
9 4 2 5 0  b7 

86437 .4  

TEMPERATURE 
DEG K 

ERROR 
DEG K 

0.2 
0.2 
0.1 
0.2 
O m  3 
0.3 
0.8 
1.0 
1.0 
1.0 
1.0 
1.1 
1.2 
1.0 
0.9 
0.8 
1.0 
2.1 
2.2 
1.7 
1.9 
2.0 
1.3 
1.4 
2.3 
1.6 
2.6 
2.8 

RGE. 10.421 
KOUROU 22 MARCH 1973 0645GMT 

I oc 

8 C  

c z 
Y 6 C  
Y 

w n 
3 
I- - 
I- 
J 4( a 

I 

I 

I 

C 

GRENADE 
I 

r > 
t 

BALLOONSONDE 
07222 

- I , . 
I60 200 240 280 

TEMPERATURE (K) 

LEGEND 

SM/SEC 

L IOM/SEC 

h SOM/SEC 

DIRECTION OF 
NORTH WIND 1 

WIND SPEED 
M / S k C  

23.5 
6.3 
3.3 
6.9 
4.7 
3.4 
9.4 

16 .4  
24.2 
27.9 
48.5 
51.1 
43.5 
42.3 
45.1 
23.4 

6.2 
48.7 
62.5 
64.0 
57.7 
48.1 
56.1 
32.9  
24.6 
42.2 
38.5 
1 9  04  

4 Yk- 
WIND 

(M/SEC) 

ERROR WIND D I R E C T  
M/SEC DEGREES 

0.6 
0.9 
0.5 
0.7 
0.8 
1.3 
1 - 5  
1.4 
1.8 
2.0 
1.5 
1.7 
1.9 
1.7 
1.5 
1.8 
1.7 
3.5 
4.1 
3.1 
3.6 
5 0 2  
3.8 
4. 1 
5.4 
4.4 
8.2 
5.7 

A L T  ITUOE 
M MSL 

6 9 . 4  
3 2 6 .  1 
308.0 
244 .2  
50.8 

176 .0  
305.3 
288.6 
326.5 
325.7 
287 .  '5 
269.8 
253.1 
250.8 
267.9 
225.5 

90.5 
62.5 
5 8 .  I 
87.5 

100.2 
140.5 
147.2 
1 6 4 . 4  
3 1 6 .  2 
3 2 8 - 6  
351.7 

7 4 .  6 

WIND COMPONENTS 
M / S E C  

ON ERROR 
DEG 

SOUTH 
COMPONENT 

-6.8 
-5.2 
-3.5 
-1.4 

1.7 
-0.2 
-0.4 

0.8 
-4.9 
-7.2 

-18.2 
-22.0 
-15.8 

-3.4 
8.9 
13.1 

5 . 6  
11.7 

2 .  5 
-19.2 
-27 1 

-2 02 
18.8 
41 09 
34.2 

-12.2 
-34.3 
-34.8 

-8.9 

2.4 
4.6 
9.0 
8.8 

13.3 
14.2 

9.5 
6.4 
3.2 
3 .  1 
2.4 
2.9 
3.9 
3.6 
3.0 
5.0 

25.8 
6.5 
5.7 
4 s  6 
5.2 
4.7 
2.7  
4.3 

10.8 
4.3 
7 .7  

28.2 

WEST 
COMPONENT 

-9.7 
1.8 
3.0 
3.3 
5.2 
0 08 

-2.3 
1.9 
8.0 

14.5 
13.9 
17.0 
39.2 
49.5 
44.4 
40  0 6  
42.7 
23.5 
-3 .O 

-37.1 
-53.3 
-61 05 
-48 . 3 
29.2 

-14.4 
1 3  - 6  
19.1 

5.5 
-15.8 

11 



A L T  I TUDE 
'4 MSL 

WALLOPS 

T E M PE R A T  U R E 
U t G  K 
241.7 
247.9 
262.8 
273.3 
270.7 
271.6 
266.5 
257.1 
247.6 
241.2 
237.5 
227 2 
223.4 
223.0 
229.0 
223.6 
215.7 
189.9 
188.3 
187.8 
193.9 
185.3 
174.0 
156.3 
181.9 
1 5 3 . 1  

E R R O R  
UEG K 

1.4 
1.4 
1.4 
2.0 
1.7 
1.8 
1.8 
1.8 
la8 
1.8 
2.0 
1.9 
1.7 
1.9 
2.4 
2.7 
2.7 
1.9 
2.2 
2.2 
1. 9 
2. 9 
2.6 
1.0 
2.1 
2.5 

RGE. 10.413 
24 JULY I975 0520 GMT 

100 

80 

f 60 
Y 

W 
D 
3 

k- 
k 
4' 40 

20 

0 
160 200 240 260 

TEMPERATURE (K) 
160 200 240 280 

TEMPERATURE (K) 

BALLOONSONDE 

I f 

LEGEND 

L 5M/SEC h SOM/SEC 

L IOMISEC DIRECTION OF 
NORTH WIND 4 

h ' IN0  SPEEU 
M / S t C  

31.1 
38.2 
5 1  -4 
47.6 
47 0 2  
51.4 
55.8 
64.2 
72.6 
80.3 
80.9 
72.8 

113.7 
112.3 
9 3  04 
30.9 
71.7 
12.7 
85.9 
63.8 

115.5 
96. 7 
32.9 
38.6 
03.6 

151.1 

EIlHOK 
i v l / S t C  

1.1 
1.2 
1 . 3  
1.6 
2.7 
2.0 
2 04 
2.3 
2 - 2  
2.3 
2.8 
2.8 
2 06 
3.0 

5 r 2  
8.5 
6.0 
7 0 2  
7.8 
6.7 

11.0 
5.5 
5.8 
7.7 

14.2 

4.2 

A L T  I TUDE 
M MSL 

36000 
38000 
40000 
42000 
44000 
46000 
48000 
50000 
52000 
54000 
56000 
58000 
60000 
62000 
64000 
66000 
68000 
70000 
72000 
74000 
76000 
78000 
80300  
82000 
84000 
86000 
88000 
90000 

k4IiUU OIHECTIOh 
U t G H t t S  

88.9 
66.9 
92.1 
90.0 
6U.2 
73.9 
57.8 
66.6 
79.5 
82.0 
91 08 
95.8 
84.2 
67.4 
67. 7 
58.4 
12.4 

138.2 
32.6 

327.8 
327.8' 
337.5 
323.1 
177.8 
290.6 
187.3 

EKROH 
UEG 

3.9 
3.4 
2.7 
4.1 
3.9 
3.9 
3.5 
3.3 
3.3 
3.0 
3. 6 
4. 0 
2.4 
2.11 
4. 1 
14. 3 
4.0 

21.3 
4.1 
4.3 
2.0 
3.3 

11.3 
4.5 
8.7 
3.4 

h I N D  COMPONENTS 
M / S E C  

SOUTH 
COMPONEk T 

-1 a 2  
-1.7 
-0.0 

1.5 
0.6 

-3.5 
-9.6 

-16.6 
-27 5 
-25.5 
-16 3 
-11 07 
-3 0 0  
5.1 

-1.8 
-8.5 

-18.5 
-26.4 
-43 4 
-26.0 
-41 1 
-61.2 
-87 06 
-80.1 
-17.4 
26.2 
-3.5 
69.2 

k E S T  
C O M P W  t N T  

-34.2 
-38.2 
-44 . 7 
-50 0 3  
- 4 8  07 
-47 1 
-47 04 
-48 09 
-48 . 7 
-57.5 
-68 3 
-76 0 8  
-80 03 
-76 3 
-92 0 3  

- 1 1 2  07 
-100.8 
-58 06 
- 4 2  e 1  
-11.7 
-30 - 8  
10.9 
53 04 
37.3 
16.6 
5.8 

41 0 3  
38 a 2  

12 



A L T I T U D E  TEMPERATURE EXROR #INU SPEED ERHuK N I I \ G  DSRECTIDh EKliOii  
Y Y s L DEG K DEG K I . I I /sEC Pi/SEC DEGREES DEG 

3 9 2 5 9  0 9  

4 5 9 6 9  0 3  
4 8 3 3 8 . 8  
5 0 6 4 9  1 
5 2 9 2 1 . 1  
5 5 1 4 6  04  
5 7 3 4 9 . 0  
5 9 5 2 7 . 3  
6 1 6 4 7  04 
6 3 7 1 8 . 3  
6 5 7 5 3 . 2  
6 7 7 5 6  0 7  
6 9 7 2 2  06 
7 1 6 1 1  0 5  
7 3 5 1 0 . 1  
75  3 4 8  - 2  
7 7 1 5 2 . 6  

8 0 6 6 7  08 
8 2 3 5 1  0 9  
8 3 9 9 9 . 9  
8 5 6 0 8  08 
8 8 2 9 6 . 7  
9 1 2 7 9 . 2  

4 2 9 4 9  .a 

7 8 9 3 0  .2 

2 5 6 . 3  
2 5 8 0 4  
2 7 1 . 4  
2 7 5 . 4  
2 6 0 - 7  
2 7 2 . 7  
2 4 5 . 0  
261 .7  
2 4 1 . 9  
2 3 8 . 7  
2 4 2  2 
2 2 0 .  3 
2 3 2 0 5  
2 2 9 . 4  
2 2 6 . 0  
2 1 0 . 1  
2 1 0 . 6  
1 9 9 . 2  
1 8 6 . 6  
1 8 9 . 4  
194 .5  
1 8 4 . 4  
1 6 3 0 7  
1 7 3 . 3  
2 0 0 0  8 

RGE 10.407 
WALLOPS 7 AUGUST 1975 1610 GMT 

I O 0  I 

160 200 240 280 
TEMPERATURE (K) 

LEGEND 

L 5M/SEC h SOM/SEC 

L IOMISEC OlRECTlON OF 
NORTH WIND 4 

21.0  
25 .5  
2 7 . 7  
2 7 . 4  
46 .1  
4 3 0 5  
2 4 . 1  
27  0 9  
30.0 
5 4 0 6  
6 8 . 9  
48 .9  

1 2 9 . 3  

--R 

W I N O  
(MISEC) 

1 0 3 . 2  
9 5 0  1 
9 9 0  1 

1 0 7 . 7  
1 2 6 . 4  
1 0 9 . 9  

84 .5  
98 .0  

1 0 5 . 3  
1 0 4 . 9  

2 3 . 6  
8.9 

3 3 5 . 3  
2 2 4 . 5  
3 0 4 .  7 

8 4 .  3 
22.0 
7 0 . 3  
73.0 

19a.5 

14.4 

0.8 
5 2 . 3  
9 2 . 1  

3 2 2 0  2 

A L T I T U D E  
M MSL 

4 0 0 0 0  
4 2 0 0 0  
4 4 0 0 0  
4 6 0 0 0  
4 8 0 0 0  
5 0 0 0 0  
5 2 0 0 0  
5 4 0 0 0  
5 6 0 0 0  
5 8 0 0 0  
6 0 0 0 0  
6 2 0 0 0  
6 4 0 0 0  
6 6 0 0 0  
68900 
7 0 0 0 0  
7 2 0 0 0  
7 4 0 0 0  
7 6 0 0 0  
7 8 0 0 0  
80000 
8 2 0 0 0  
8 4 0 0 0  
8 6 0 0 0  
8 8 0 0 0  
9 0 0 0 0  

W I PiD COMPONEkTS 
N/SEC 

3.2 
3 . L  
4.1 
3.0 
3.3 
3 .6  
5.5 
3 . 7  
2 . k  
3.h 
5.5 
5-0 4 

10.0 
9.6 

15.6 
8.4 

17 .7  
30.6 
12.0 

1 4 . 5  
1 3 . 7  
3.? 
2.2 

a.1 

9.8 

SOUTH WEST 
COKPONEhT COMPOlUENT 

6 . 4  
4 . 3  
4.4 
7.1 

13.2 
22 .6  
2 0 . 6  
1 1 . 5  

1 .3  
2 . 2  

18.8 
7.5 

-27 3 
- 3 0  3 
-12.8 

-10 7 
-15 .2  
- 3 1 . 5  
-11.0 
12.1 

-14.8 
-27.2 

-41 0 8  
- 7 8  7 

8 . 4  

-8 .4  

-31.9 
-35 04 
-38 03 
-40 8 
-42 6 
-38  0 2  
-42  00 
-44 5 
-51.2 
-67 1 
-71 - 6  
-53 96 
-10  5 

-51.3 
8 08 

1 8  0 3  
10.1 

-22 5 
-26  *I 
-13  - 4  

-4.0 
-0.6 

-40 s 7 
- 5 7 . 2  
-17  0 2  

39.9 

13 



I O 0  

80. 

c 
I 60 
Y 

w 
D 
3 

I- d 40 
k 

20 

0 

A L T  I TUOE 
‘4 8M.S L 

31892.2 
35845.3 
39697.4 
42839 0 2  
45317.0 
47734.3 
50111.2 
52451.3 
54748 07 
57006.5 
59224.7 
61392.9 
63 519 00 
65614.2 
67662 04 
6967 3 04 
71652.3 
73591 - 5  
77359.2 
79195.9 
80959 02 
82689.6 
84382.7 
86024.4 
88036 00 
90381.6 
926 38 04 
94797.4 

75484.0 

96869.1 

T E  MPEKATURE 
DEG K 

229. 1 
231.0 
242.6 
261.4 
267.4 
270.2 
265.Y 
260.2 
252.7 
250.9 
244.8 
247.1 
247 5 
242.9 
233.1 
230.3 
222.6 
218.0 
217.3 
212.8 
189.2 
188.0 
211.5 
208.4 
192.7 
220.5 
229.7 
190.2 
196.9 
195.5 

RGE. 10.415 
WALLOPS 19 NOVEMBER 1975 

Ei<ROI.( 
D t G  K 
1.0 
1.0 
0.9 
1.2 
1.4 
1.4 

1.2 
1.2 
1.2 
1.1 
1.3 
1.4 
1.5 
1.2 
0.9 
1.2 
1.5 
1.6 
1.7 
1.7 
1.6 
2.1 
3.4 
3. 1 
1.4 
1.6 
1.4 
2.0 
2.0 

1 . 3  

1745 GMT 

GRENADE 

t + f  
BALLOONSONDE 

18262 

I60 200 240 280 
TEMPERATURE ( K )  

LEGEND 

L 5M/SEC h SOM/SEC 

L IOM/SEC DIRECTION OF 
NORTH WIND 4 

14.7 
30. 1 
54 04 
50.2 
43.8 
44.3 
50.3 
53.8 
53.4 
50.0 
03.1 
49.3 
39.2 
36.5 
36.9 
50.3 
52.7 
66. 0 
86.5 
77.5 
72 1 
73 03 
6a -6 
85.7 
04.3 
31.4 
33.5 
67.2 
55.3 
33.0 

t t i l i O i <  
F I / S i C  

0.8 
0.9 
1.0 
2.0 
2.5 
2 04 
2.1 
2.1 
2.2 
2.3 
2.4 
2. 9 
2.9 
3.6 
3.6 
2.8 
3.0 
3.6 
3.8 
4 04 
6.7 
5.9 
5 04 
14.5 
10.6 
6. 3 
6.1 
6.7 
9.7 
8.6 

ALT I TUDE 
M M 5 L  

32000 
34000 
36000 
38000 
40000 
42000 
44000 
46000 
48000 
50000 
52000 
54000 
56000 
58000 
60000 
62000 
64000 
66000 
66000 
70000 
72 000 
74000 
76000 
78000 
80000 
82000 
84000 
86000 
88UOO 
90000 
92000 
94000 
96000 

JI 1 ;yD UI K E C T  101% 
OtbkttS 

263.7 
259.0 
258.3 
276.4 
282.7 
276.1 
266. 3 
2bO.l 
260.6 
261.6 
265.4 
277.9 
261 1 
282.4 
2YB.O 
296.0 
279.4 
265.8 
248.7 
248.5 
217.3 
224.7 
259.6 
316.2 
290.3 
357.9 
21.6 

147.2 
185.7 
207.8 

SOUTH 
COMPWENT 

1.7 
3.8 
6.0 
8.6 
8.5 

-1 0 2  
-7.5 
-8.1 
-3.6 
2.6 
7.8 
8.8 
7.8 
6.2 
0.7 

‘2.6 
2 .U 

-9.4 
-17.9 
-18.8 
-6.2 

29.6 
39.0 
54 . 7 
27.6 

--3-0- 7 
-29.7 
-30.2 
-27.5 
30.4 
55.4 
40.0 

11.1 

E k H O H  
D t b  

6.4 
3.3 
2. I 
4.0 
5.2 
5.4 
4.6 
4.2 
4.7 
5.  1 
4.0 
5.6 
8.1 
8.8 
6.5 
3.8 
5.2 
5.7 
4.4 
5.7 
5.5 
5.5 
8.3 
7.5 

12.3 
6.0 
7.8 
3.9 
5.9 

12.8 

WEST 
Cob1 P 0 N EN T 

15.0 
2 2  06 
30.9 
42.8 
52.1 
50 .tl 
46.5 
43 0 2  
45.0 
49 06 
52.3 
52.7 
50 09 
45.5 
57.7 
46 0 0  
38 02  
35.1 
35 06 
46 si) 
54.9 
69.1 
77 06 
61 09 
53 07 
60 0-8 
61 06 
53.1 
7 0 6  

-10 a6 
-28 0 5  
-10.0 
11.3 

14 



ALT I TU DE 
M MSL 

TEVPE RATURE 
DEG K 

244.7 
243.6 
232.3 
229.2 
229.7 
225.9 
231.5 
219.9 

EKHOi? 
UEG K 

1.0 
9 . 9  
1.1 
1.5 
1 . z  I. 1 
1.3 
1.3 
1.3 
1.3 
1.i 
1.4 
le6 
1.9 
2.1 
2.1 
2.2 
2.0 
2.2 
2.5 
3.2 
2.0 
2.6 
2.3 
2 . 3  
3.1 
1.9 

RGE 10.423 
WALLOPS 21 NOVEMBER 1975 04 I I GMT 

v r I N D  SPEED 
M/SEC 

31.6 
47.2 
07.0 
06.6 
79.4 
92.7 
74.6 
09.3 
81.6 
06.8 
78.9 
56.9 
32.3 
49.1 
77.6 
96. 0 

lL2.1 
116.0 
89.7 
57.8 
44.0 

TEMPERATURE tK) 
LEGEND 

-5MISEC h 5OM/SEC 

b IOM/SEC DIRECTION OF 
NORTH WIND 1 

80.8 
71.1 
93.4 
41.4 
87.2 

115.9 

tHROH 
M/SEC 

0.8 
1.2 
1.4 
1.9 
1.5 
81.5 
1.8 
1.6 
1.6 
1.8 
1.4 
2.2 
2.3 
2.7 
3 .4 
3.0 
3.7 
4.3 
5.4 
5 06  
5.9 
3.0 
7.1 
6.9 
6.0 
7.1 
4.7 

R I i q D  D I k E C T I O i U  
DLGREES 

ERRGR 
UEG 

3.1 
2.L 
10s 
2.7 
1.8 
1.5 
2.1 
2 . 2  
i.9 
2.4 
1.8 
3.1 
6.2 
4.9 
3.3 
3.1 
2.  7 
2.1 
2.1 
4.6 
9.7 
3.2 
3.6 
3.3 
7.1 
4.2 
1.3 

iv I ND COMPONENTS 
M/SEC 

A L T I T U D E  SOUTH WEST 
M MSL COMPONETvT COMPONENT 

0.8 
-2 02 
-3.8 
-2.6 
-1.0 

0.8 
2.8 

-#.O 
-4.7 
-3.2 
6.7 
9 04 
2.3 
8.9 
0.0 

-6.5 
11.1 
38 07 
45.9 
19.2 

-23.3 
-22.4 
-21.3 
-7.4 
16.6 
64.7 
63.1 
22.6 

-41 8 
-76 0 

-59.4 

33.7 
41 05 
50.1 
60.5 
6 6 I 8  
67.1 
74.9 
85.7 
86.7 
7 4 . 0  
70.8 
77.9 
70 06 
73.8 
64-9 
43 06 
36.1 
47.6 
70 0 2  
99 04 l o ?  .O 

-51 04 
49 04 
43 09 
61.1 
59.8 
-1 02 

-35.8 
23.3 
67 05 
69.2 



I O 0  

80 

5 60 
Y 
e 

W 
L3 
3 
L 

20 

0 

ALT I T U D k  TEMPERATURL ERROR bt  IND SPEEU khKUK 
M !4SL D t G  K DtG K i4 /  s cc M / S t C  

3 2 9 6 1  0 5  
3 6 8 8 2 . 5  
4 0 7 0 8  0 4  
4 3 8 7 6 . 5  
4 0 2 8  7 0 4  
4 8 6 9 0  - 2  
5 1 0 5 4 . 0  
5 3 3 7 3 . 5  
5 5 6 5 7 . 7  
5 7 8 9 9 . 5  
6 0 1 0 7 . 1  
6 2 2 7 0  04  
6 4 3 9 4 . 2  
6 6 4 8 2  0 9  
6 8 5 2 5 . 2  
7 0 5 2 8 . 9  
7 2 4 9 5 . 0  
7 4 4 4 %  04 
7 7 2 6 8  0 4  
8 0 O 0 4  0 0  
8 2 6 3 6 . 8  

2 3 7 . 6  
2 4 4 . 4  
244.5 
2 4 6  5 
2 4 6 . 1  
2 5 1 . 1  
2 5 6  0.3 
2 5 5 . 1  
252.7 
2 4 6 .  0 
2 4 9 .  1 
238 .3  
2 3 9 . 4  
2 3 1 . 6  
224 .1  
2 1 2 . 6  
1 9 7 . 9  
206 .0  
2 1 4 . 6  
2 2 6 . 4  
201 .6  

1.2 
1.1 
0.7 
1.2 
1.2 
1.2 
1.3 
1.2 
1.4 
1.7 
1.7 
1.7 
1.9 
2.2 
2.0 
1.8 
1. 8 
2.1 
1.4 
3.4 
1 . M  

4Y.2 
43 .3  
57.2 
7Y.2 
88 .3  
93.1 

1 U 3 - 2  
112.0 
1 0 5 . 2  
1 0 1 . 8  
1 1 3 . 7  
111.4 
104.4 
1 1 1 . 0  
114.1 
115.8 

9 9 . 1  
7 4 . 1  
b8 .1  
4 4 . 5  

118.1 

1.5 
1.5 
0.9 
1.7 - 
1.9 
1 - 8  
2.u 
2.0 
2 03 
2.7 
2.7 
2 . 9  
3 04 
4.3 
3.8 
3.7 
3.7 
4.2 

6.3 

2.7 
10.g 

RGE. 10.424 , WALLOPS 3:DECEMBER 1975 1657 GMT , 
ALT ITUDE 

M iViS L 

I t  
bh\ 
bb- 

BALLOONSONDE 

160 200 240 280 

LEGEND 

TEMPERATURE (K) WIND 
(M/SEC) 

+ SMISEC h SOM/SEC 

L IOMISEC DIRECTION OF 
NORTH W I ND 

3 4 0 0 0  
3 6 0 0 0  
3 8 0 0 0  
4 0 0 0 0  
4 2 0 0 0  
4 4 0 0 0  
4 6 0 0 0  
48000  
5 0 0 0 0  
5 2 0 0 0  
5 4 0 0 0  
56000  
5 8 0 0 0  
6 0 0 0 9  
6 2 0 0 0  
6 4 0 0 0  
6 6 0 0 0  
6 8 0 0 0  
7 0 0 0 0  
7 2 0 0 0  
7 4 0 0 0  
7 6 0 0 0  
7 8 0 ( 1 0  
8 0 0 0 0  
8 2 0 0 0  

V~IIUU LJI k t C T l b t \  t k R u k  
U t  GHctS U t b  

2 3 6 .  1 2.6 
2 4 2 . 6  3 . 3  
2 5 2 . 4  1.6 
2 6 4 .  1 2.5 
L b 9 . 0  2 . 3  
261 .7  2.1 
2 6 5 . 5  2.3 
271 .1  1.7 
2 b 6 . 5  2.2 
2 6 2 . 3  2.8 
2 5 9 . 9  2.5 
2 5 3 . 9  2 .  I 
247 .  Y 3 . 3  
2 4 2 .  1 3.6 
2 b 0 . 5  3 .4  
2 6 4 . 5  3.2 
2 5 7 . 2  3.9 
262.4, 6 . 0  
269.9 4.3 
3 1 8 . 8  9.7 
1Y2.7 2.0 

SOUTH LIE ST 
C 0 M P U IX EN T C Oh4 P C, ~q t N T 

2 5 . 4  
21 a6 
19 .1  
17 .7  
13 0 4  

7 . 6  
3.2 
9.7 
10.3 

3.8 
11.4 
7.3 

13 .8  
1 9 . 9  
29.2 
37.8 
47 .3  
27.8 
13 .6  
18 .4  
12 .2  
4.1 

-9 .0 
-16 3 

7 9  02  

4 3 . 2  
3 9  .0 
4 3  0 2  
51.7 
6 4 . 6  
7 8  08 
860'1, 
9 1  .1 
9 8  1 

1 ~ J 6 . 6  
109.8 
1 0 4  !I 
102 .a 
1 1 0 . 0  
1 0 7  0 3  

9 9 . 2  
98 - 3  
108 0 5  
1 1 3 . 9  
1 0 1 . 2  

79 - 6  
73.6 
57.5 
32.5 
26.8 
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A L T I T U D E  
ki M S L  

32906.4 
38761.2 
41923.0 
44401.1 
46803 0 9  
49 168 04 
51500 -6 
53786 -4 
56,037 7 
6148 8 07 
64644.8 
66692.9 
68705 09 
70673.7 
73557.7 
70395.7 
78221 06 
79997.3 
81733 09 
84253 0 0  
87106.6 

58258.6 

WALLOPS 4 .DECEMBER 1975 0525 GMT' IO0 

TEMP RATURE 
D E G  K 

5 60.- - 
W 

3 

t- 

n 

t 
2 40- 

ERROR 
DEG K 

0.6 
1.1 
1.9 
1.9 
1.7 
1.5 
1.7 
2.0 
1.8 
1.8 
1.0 
2.0 
1.8 
1.9 
2.1 
1.2 
2. 3 
2.4 
2.ti 
3. 1 
1.4 
1.8 

GRENADE 

r 

n 

061 I2 

1 
201 I 

BALLOONSONDE > 

- 
200 240 280 _ _  160 

TEMPERATURE (K) 
LEGEND 

L 5 M/SEC h 5OM/SEC 

40.7 
51.4 
74.0 
85.3 
93 0 4  

93.2 
101.8 

98.1 
104.1 
115.6 
109.3 
106.0 
107.3 
102.1 
111.8 
100.5 
109.2 
103.0 
55.4 
56.8 
40.9 

118.0 

6 7 E  
0 06 
1.3 
2.4 
2.6 
2 - 4  
2.2 
2.6 
3.0 
2.7 
3.1 
1.5 
3.3 
2.8 
3.0 
3 03 
2.0 
3.9 
3.7 
4.6 
7.3 
4.1 
5.2 

ALT I T U D t  
lul k S L  

62000 
64000 
66000 
68000 
70000 
72300 
74000 
76000 
78U00 
80000 
82000 
84000 
86000 
8 i 3 U U O  

i v I i Y 0  U KECT lUrq  
D t L H t t S  

232-6 
247.4 
267. 3 
269.5 
275 3 
276.3 
276.9 
276.9 
274.6 
282.6 
270.5 
278.5 
263.3 
247.5 
255 6 
266.8 
2b0.5 
264.9 
236.2 
336.6 
185.2 

24.9 

W I IUD COMPOhElUTS 
M/SEC 

t K i ? O R  
D t G  

1 . 3  
2.7 
3.5 
3.1 
2.5 
2.1 
2.2 
2.8 
2.4 
2.1 
1.3 
2.7 
2.6 
3 .  1 
2.0 
3.5 
3.4 
7.3 
5.8 
3.1 
1. 5 

2.9 

SOUTH Wt'S i 
C 0 M P i) N E N  T C 014 P 0 IL E i\: T 

23.7 
22.0 
20.2 
13-3 
4.2 
0.9 

-5.5 
-9 04 
-10 . 9 
-12 . 1 
-11.2 
-10.9 
-21.6 
-12.4 
-4.2 

-12.1 
2 08 

29.2 
31.5 
17.4 
8.3 

15.3 
12.6 
15.8 

-42 ti 
-32  1 
57.4 
7U.6 

35.1 
40 0 3  
45 06 
57.8 
73 04 
83 a3 
99.4 
92.8 
95 06 
99 .Y 
98.7 
133 0 9  
111 00 
110.9 
108.5 
105.8 
105.8 
98.9 
103 3 
134 6 
101 09 
lU6 02 
98 .t) 
h3.8 

-12 . 1 
9 06 
12.8 
40.6 

DIRECTION OF 
NORTH WIND - IOM/SEC 
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SUMMARY OF ROCKET GRENADE DATA 
EXPERIMENT 10.421 

KOUROU ARRAY NUMBER 2 3  LAUNCH TIME 0 6 4 5 2  
DATE 22 MARCH 1974 

ALT I TUDE 
M MSL 

37000  
38 000 
39 000 
40000  
4 1  000 
42 000 
43000  
44000  
45000  
46 000 
47000  
48000  
49000  
50 000 
51000 
52000 
53000  
54000  
55000  
56000  
57000 
58000  
59 000 
60 000 
61000  
6 2 0 0 0  
6 3 000 
64000  
65000  
66000  
6 7 0 0 0  
68 000 
69000  
70 000 
71000  
7 2  000 
7 3 0 0 0  
74 000 
75 000 
76000  
77000  
78000  
79 000 
80 000 
8 1000  
8 2 0 0 0  
83000 
8 4 0 0 0  
8 5 0 0 0  
8 6 000 
8 7 000 
88000 
8 9  000 
90 000 
91000  
9 2 000 
9 3 000 
94000  

TEMPERATURE PRESSURE DEVIATION DENS I T Y  EV I AT ION 
EH .CENT K G I C U  M b DEG K NT/SQ M PER CENT 

249.9 0.429E 03 
253.2 0.375E 03 
256.6 0.329E 03 
259.9 0.289E 03 
261.6 0.254E 03 
263.3 0.223E 03 
265.1 0.196E 03 
266.4 0.173E 03 
266.7 0.153E 03 
267.1 0.134E 03 
267.4 0.119E 03 
267.8 0.104E 03 
268.2 0.926E 02 
267.4 0.817E 02 
266.5 0.721E 02 
265.2 0.635E 02 
263.7 0.560E 02 
261.5 0.493E 02 
257.7 0.433E 02 
253.9 0.380E 02 
249.9 0.333E 02 
245.8 0.290E 02 
245.3 0.253E 02 
245.2 0.221E 02 
243.9 0.193E 02 
242.0 0.168E 02 
238.5 0.146E 02 
233.8 0.127E 02 
229.1 0 . l lOE 02  
224.4 0.950E 0 1  
219.4 0.818E 0 1  
213.9 0.701E 0 1  
208.2 00599E 01 
202  3 0.509E 0 1  
198.7 0.430E 0 1  
197.6 0e364E 0 1  
196.5 0.307E 0 1  
195.5 0m259E 0 1  
196.6 0.218E 01 
198.8 0.185E 0 1  
193.2 0m156E 0 1  
185.9 0.131E 0 1  
185.4 0.109E 0 1  
185.8 0.915E 00 
189.1 0.766E 00 
194.0 0.644E 00 
200.5 0.544E 00 
195.2 0.462E 00 
189.4 0.387E 00 
193.5 0*3_2hL 00 
199.3 0.275E 00 
206.2 0.233E 00 
197.7 0.198E 00 
189.0 0.166E 00 
181.1 0.140E 00 
173.2 0.115E 00 
169.1 0 954  E-0 1 
165.4 0 e 782 E-01 

1.5 
2.0 
2.4 
2.6 
2.7 
2.7 
2.6 
2.5 
2.4 
2.3 
2.1 
1.9 
1.6 
1.4 
0. 9 
0.5 

-0.1 
-0.8 
-1.4 
-1.8 
-2.3 
-2.7 
-3.2 
-3.7 
-4.3 
-5.0 
- 5 . 7  
-6;6 
- 7 . 7  . - .  
-9.0 

-10.0 
-10.9 
-11.6 
-12.1 
-12.1 
-11.6 
-11.9 
-11.8 
-11.6 
-11.0 
-10.1 

-8.6 
-6.7 
-5.9 
-4.9 
-3.6 
-1.5 

0.4 
1.4 
2.2 
1.0 

-0.5 
-3.0 

0 0599E-02 
0 5 1  6E-02 
0 44 7E-02 
0.387E-02 
0 I 33 BE-0 2 
0.295E-02 
0 . 2 5 8 E-02 
0 22 7E-02 
0. 199E-02 
0.176E-02 
0.155E-02 
0 13  6E-02 
0 120E-0 2 
0 10 6E-0 2 
0 .Y 42E-0 3 
0 083 4E-03 
0.739t-03 
0 65 6E-03 
0 586E-0 3 
0 52 1 E-0 3 
0 464E-O 3 
0 0 4 1  2 t - 0 3  
0 360E-0 3 
0 3 14E-0 3 
0 2 7 5 t - 0  3 
0 242 E-0 3 
0 2 14E-03 

0.167E-0 3 
0 14 7E-0 3 
0 12 9E-0 3 
0 s 1 14E-0 3 
0.100E-03 
0 87 6 E-04 
0 75 5 E-04 
0 0 6 4  1 E-04 
0 545E-U4 
0.462f.i-04 

0.1 a 9 ~ - o  3 

0 - 3 8 7 ~ 4 4  
0;324€-134 
0 28 2 E-0 4 
0.245E-04 
0 20 5 E-04 
0 1 7 1 E- 0 4 
0.141E-04 
0 .  l l 5 E - 0 4  
0 94 6E-0 5 
0 8 2 4 E- 0 5 
0 7 13E-0 5 
0.586L-05 
0 48 LIE-0 5 
0 39 4E-0 5 
0 349E-05 
0.307E-05 
0 269E-0 5 
0 2 32 E-0 5 
0 196E-05 
0.164E-05 

-3.8 
-3.8 
-3.3 
- 2  e9 
-2  .O 
-1.2 
-0  0 4  

0.5 
1.6 
2 0 6  
3.5 
3.6 
3 04 
3.6 
3.9 
4 02  
4.1 
4.0 
4.5 
4.8 
5 0 2  
5 04 
4.1 
2.8 
2 .O 
1.2 
0.7 
0 - 6  
0.4 
0.3 
0.2 
0.2 
0.1 
0.1 

-1.1 
-3.5 
-5.7 
-7-7 

3 0 6  
8.8 

11.5 
12.8 
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SUMMARY OF ROCKET GRENADE DATA 

EXPERIMENT 1 0 . 4 2 2  

KOUROU ARRAY NUMBER 23 M U N C H  TIME 0 9 3 0 2  

DATE 2 2  MARCH 1 9 7 4  

A L T  I TUDL T E MP ERA TU R t P R ES SU R E DEV I A T  I O N  DEhS I TY DEVIATIUh 
KG/CU M .  PEK CEIUT M KSL  DEG K N T / S O  M PER CElUT 

35000  
36000  
37000 
38000  
39000  
40 000 
41000  
4 2 0 0 0  
4 3 0 0 0  
44000  
45030  
46000  
47000  
480UO 
49 000 
50c)UO 
51000  
52020  
53000  
540UO 
55000  
56000  
57000  
5 8 O 0 9  
59000  
60 000 
6 1 0 0 0  
6 2 0 0 0  
63000  
64000  
6 5 0 0 0  
6 6 0 0 0  
67300 
F,r!  0 0 0  
690UO 
70C03 
71000  
72UU0 
73000 
7 4 0 0 3  
75000  
76000  
7 7 0 0 0  
78 0 0 0  
7 9 0 0 0  
RO 000 
81000  
82000 
8 3 0 0 3  
3 4 0 G O  

5 6 0 0 0  
8 7 0 0 0  
88000  
8 9 0 0 0  
90 000 
9 1 0 0 0  
9 2 0 0 0  
9 3 0 0 0  
94000  
9 5 000 
9 6 0 0 0  

a 5 ouo 

238.9 
245.7 
252.6 
259.5 
264.1 
264.1 
264.1 
264.1 
264.3 
2 6 4 0 7  
265.2 
266.4 
268.5 
270.6 
268.2 
265.8 

260.6 
258.2 
256.3 
254.3 
250.7 
247.2 
245.0 

242.2 
241.8 
239.4 
234.U 
228.4 
222.1 
216.6 
214.5 
212.0 
207.3 
203 -7 

263.2 

243.2 

205.4 
205.9 
200.3 
194.8 
189.6 
184.5 
179.7 
179.0 
182.2 
189.4 
198.5 
196.0 
192.9 
195.3 
192.3 
183.2 
188.3 
196.5 
203.+ 
193.1, 
182.2 
171.5 
172.0 
172.7 
176.0 
179.9 

Cm554E 03 
0.48l.E 03 
0.41CE 03 
0.368: 03 
0 .324t  03 
0.285E 03 G.Z?lE 03 
O ~ L L ~ E  03 
0.195E 03 
0.171E 03 
0 0 1 5 1 E  03 
0,133E 03 
0o117E 03 

0.917E 02 
O.809E 02 

0.627E 02 
0.55l.E 02 
0.483E 02 
0.424E 02 
0.371E 02 
0 - 3 2 4 E  02 
0.283E 02 
0.247E 02 
0.215E 02 
0o187E 02 
0.163E 02 
U.141E 02 
0.122E 0 2  
O o l O O E  02 
0m909E 0 1  
0.779E 01 
0o666E 01 
0.568E 01 
0.482E 01 
0.410E 01 
0.349E 0 1  
0 0 2 9 6 E  0 1  
0.250E 0 1  
0.210E 0 1  
0.176E 0 1  
0.146E 0 1  
0.121E 0 1  
0 0 1 0 1 E  0 1  
0.845E 00 
0.713E 00 
0.603E 00 
0.5d8E 00 
0.428E 00 
Oo361E 00 
0.302.E 0 0  
0.252E 00 
0.214E 00  
0.182E 00 
0.155E 00 
0.131E 00 
0 o 1 0 8 E  00 
OaH94E-01 
0 73 8 E-01 
0 6 10 E-0 I 
0 0  507E-01 

ti.103E 03 

0.712E ti2 

-3.4 
-3.4 
-3.2 
- 2 .  1 
-1.2 
-0.3 

0.2 
0.7 
1.1 
l a 3  
1.5 
1.5 
1.4 
L.  5 
1.5 
1 - 4  
L.1 
0.7 
0.2 

-0.1 
-0.7 
-1.2 
-1.9 
-2.6 
-3.3 
-4.0 
-4.7 
-5.2 
-5.8 
-6.5 
-7.4 
-8.3 
-9.5 

-10.5 - 
-11.3 
-12.5 
- 1 3 . 3  
-13.7 
-14.0 
-14.7 
-15.3 
-16 2 
-17.1 
-18.1 
-18.5 
-18.4 
-17.2 
-15.7 
-14.7 
-43.6 
-12.2 
-11.6 
-11.5 

-9.5 
-7.6 
-5.5 
-3.8 
-5.2 
-6.7 

-10.2 
-11.7 

-8.4 

0 8 0 6  E-0 2 
0.682E-02 
0 577E-02 
00495E-02 
0 42 8E-02 
0 -377E-02 
0 * 3 3 2 t - 0 2  
0 29 2 k-0 2 
0 - 2  5 7E-0 2 
0 22 bE-0 2 
0 19  &E-0 2 
0.174E-02 
0 1 5 2 E-0 2 
3.133 E-02 
0.11 9E-02 
0 10 b E-0 2 
3 oY43E-03 
0 83 8E-03 
0.743E-0 3 
0 65 7 E-0 3 
0.58 1 E-03 
0 5 16E-03 
0 45 7E-0 3 
3 m403E-03 
00354E-03  
0 30 9E-0 3 
0 -270E-03 
0 -237E-03 
0.21l.E-03 
0.18 7E-03 
0.166E-03 
0.14bE-03 
9.126E-03 
O.109t-03 
0 Y 5 5 E-04 
0 6 2  5E-34 
0 -69  5E-04 
0 590E-04 
0.5 1 5E-04 
0.447E-04 
0 : 3 8 7E-04 
0 a332.E-04 
0 28 4E-0 4 
0.23 7k-04 
0.19 3E-04 
0 o 15 5E-04 
0.125E-04 
0.107k-04 
0 9 1  7E-0 5 
il 76 LE-0 5 
0 6 5 5 k-0 5 
0 5 7 b E-O 5 
0 46 7E-0 5 
0 38  OE-0 5 
0 3 12E-0 5 

0 25 1E-0 5 
0.2206-05 
0.1816-05 
U -14 8 E-0 5 
0 120E-05 
0 98 1E-0 6 

o 28 OE-o 5 

-4.4 
-6.0 
-7.3 
-7.7 
-7.4 

- 3 . 9  
-2.3 
-1.0 

0.0 
1.1 
1.7 
1.9 
1.5 
2.5 
3.2 
4.0 
4.6 
4.6 
4.1 
3.6 
3.8 
3.7 
3.1 
2.3 
1.2 

-ti.O 
-9.6 
-0.5 
-0.5 
-0.2 
-0.6 
- 2 0 3  
-3.9 

-11.2 
-10.8 
-1ti.7 
-10.6 
-10.b 
-11 .i 
-13.8 
-17.5 
-22.2 
-24.7 
-22.3 
-20.1 
-2u.1 
-17.6 
-12.9 
-15.1 
-16.9 
-18.0 
-11.5 
-3.1 

3.1 
2.7 
2.0 

-0.2 
- 2  e6 
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SUMMARY OF ROCKET GRENADE DATA 
EXPERIMENT 1 0 . 4 1 3  

WALLOPS ARRAY NUMBER 1 9  LAUNCH TIME 0 5 2 0 2  

DATE 2 4  ( Ju ly  1 9 7 5  

ALT I TUDE 
Y MSL 

3 5 000 
3 6 0 0 0  
3 7 0 0 0  
3R000 
3 9 0 0 0  
4 0 0 0 5  
4 1000 
4 2 0 0 0  
4 3 0 0 0  
Ll r000 
45000 
4 6 0 0 0  
4 7 0 0 0  
48 000 
4 9 0 0 0  
5 0 0 0 0  
5 1000 
5 7 0 0 J  
5 3 0 0 0  
5 4 0 0 0  
5 5 Oh0 
5 6 000 
5 7 0 0 0  
5A C O O  
5 9 0 0 0  
60 000 
6 1000 
6 2 0 0 0  
6 3 0 0 0  
6 4 0 9 0  
6 5 0 0 9  
6 6 0 0 0  
6 7 0 0 0  
6 8 0 0 0  
6 9 0 0 0  
7 0 0 0 0  
7 1000 
7 2 0 0 0  
77i)OO 
7 L o u u  
7 5 0 0 0  
7 6 0 0 0  
7 7 0 0 0  
7AOi)U 
7 9 0 0 0  
9 0 0 0 0  
81000  
8 2 000 
4 1 0 0 0  
8 4 0 0 0  
850UO 
86000 
8 7 0 0 0  
3 9 0 0 0  
R9000 
90000 
9100J 

TEMPERATURE PRESSURE D t V  I A T  I Oh DENS 1 TY " DEV I AT I Oir 
DLG K NT/SL) M P t H  CENT K:G/CU M PcK CENT 

0e597E 03 3.9 U 8 5 6 E-0 2 1.2 
244.5 0.519E 03 4.2 0.74OE-02 2.0 
2 4 2  8 

0.453E 03 4.5 0 6 4 1  t - 0 2  2.8 
3.6 

246.1 
247.7 0.395E 03 4.8 0 556E-0 2 
251.3 0.345E 0 3  4.9 0 47 8 E-0 2 3.3 

0.301E 0 3  4.9 0 -411E-02 2.8 
2 - 9  

255.3 
0.264E 03 5.5 0e355E-02 

2.9 
259.3 

0.233E 03 5.9 0.3OBE-0 2 
3.L) 

263.2 
266.6 0.205E 0 3  6.2 0. L 6 7 t-0 2 

0.1ROE 0 3  6.5 0 2 32 t - 0 2  3.1 
3.5 

270.1 
273.3 0.159E 03 7.1 0 20 3E-02 
272.2 0.141E 0 3  7.5 0.18i)E-02 5.4 
271.1 0.124E 0 3  7.6 0.160E-02 7 e 0  
270.9 O - l l O E  03 7.6 0.141E-02 7.5 
271.3 0e973E 02 7.7 0 124E-02 7.4 
270.9 0.R59E 02 7.7 0. IlOt-02 7 .6 
268.7 0.759E 02  7.8 0 .Y84 t - 0 3  8.5 

0.669E 02 7.6 0 8 7 5 E- 0 3 9 .? 
lU.3 

266.5 
262.4 0.590E 0 2  7.4 0.78 3 t - 0  3 
258.3 0.51RE 02 6 -  9 0 6 9  YE-0 3 1d.7 
254.1 0.455E 02 6.4 0 m623E-03 11.2 
243.9 0e3Y8E 02 5.7 0 555 t - 0  3 11.5 
246.3 0.347E 02 4.Y U e4Y 1E-03 11.5 
243.4 0.303E 02 4.1 0.434E-03 11.0 
240.8 0.264E 02 3.1 0 382k-0 3 1U.4 
230.0 0.2L9E 02 2.2 0 .334t-03 9.4 
236.8 0.199E 0 2  1.3 0 293k-0 3 8.5 
232.U U.173E 0 2  0.4 0 2 6 U  t-U 3 8 - 6  
227.2 U.14YE U2 -0.M Um22YE-L)3 7 .8 
225.4 0.129E 02 -1.8 0.199E-03 5.8 
223.5 0 . l l l E  0 2  -2.9 0 1 7 3 E- 0 3 3.8 

223.1 0.523E 01 -4.3 u .12 et-u 3 -0.7 
0.708E 01 -4.7 U s  10 9E-0 3 -4.0 

-6.7 225.7 
228.7 0.612E 01 -4.5 0 9 3 2 E-0 4 

-7.0 226.5 0.529E 01 -4.1 0 83  3 t - 0 4  
223.7 0.456E 01 -3.6 0.709t-04 -7.1 

0.392E 01 -3.0 0 -622 t - 0 4  -6 -4 
-5.7 

219.6 
214.Y 0.336E U 1  -2.5 u.545E-04 

-u.7 201.2 0.287E 01 -2.0 6 497 E-04 
0.24l.E 01 -3.0 0.442E-94 2.1 

-U.U 
189.8 
188.9 0.202E 01 -3.8 0.373E-04 

-2.1 0.169E 01 -4.3 0 3 1 3 E-0 4 
-4.2 

188.2 
-6.9 

187.9 
1A9.6 0e119E 01 -4.3 0 2 1 8 E-04 

-9.7 193.1 0.100E 0 1  -3.5 0 18 0 t - 0 4  
-7.1 -2.2 0 154E-04 
-3.9 

190.1 0.842E 00 
185.U 0.7U4E 00 -1.6 L).132E-04 

0.587E 00 -1.4 U 114 E-04 -0.1 
3.2 

178.2 
171.2 0.4B'iE 00 -2.0 0 Y87E-05 
164.0 0.396E 00 -3.3 0 841 EGO5 5 .ti 

7 - 6  156.7 0.320E 00 -6.5 0 7 1 2 6-0 5 
-0.6 165.1 0.259E 00 -9.2 0.546t-05 
-7  - 6  174.4 0.211E 00 -10.8 0 .422E-05 

-1 0.0 179.4 0.176E 00 -10.7 0 342 ti-0 5 
166.5 0.146E 00 -10.7 0e306E-05 -3 - 2  

3.0 153.7 0.118E 00 -13.7 U 267 E-0 5 

223.2 0.956E 01 -3.7 0.149k-03 1.4 

0.142E 01  ' -4.5 U.263E-U4 

, 
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SUMMARY OF ROCKET GRENADE DATA 
EXPERIMENT 10.407 

WALLOPS ARRAY NUMBER 19 
DATE 7 August 1975 

LAUNCH TIME 16102 

40 000 
4 1 0 0 0  
4 2 0 0 0  
L 3 0 0 0  
1 4 3 0 q  
L500J  
4 6 0 0 0  
4 7 0 0 0  
k8  Qc'0 
4 9 0 0 0  
50 0015 

5 7 ~ 0 3  
53000  
54000  
5 5 000 
56005) 
57000  
5 9 000 
59090 
6 9 0 0 3  
6 1 0 J O  
6 2 0 0 3  
h 3 0 0 0  
6 400  Li 
6 5 0 0 3  
6 6 0 0 3  
5 7 0 0 9  
h8 ' )00  
6 9 0 0 0  
73 000 
710UIl  
7 2 0 9 0  
7 3 0 0 0  
7 4 0 0 0  
7 5 0 0 3  
7 6 0 0 0  
7 7 0 0 0  
78 C O O  
7 9 0 0 0  

8 1000  
82000  
8 3 0 0 0  
8 4 0 0 J  
8 5 0 0 0  
8 6 0 0 0  
,970UO 
9 E O U O  
89000  
90 0 0 0  
9 1000 

5 1p(! 

90 o m  

9.3 
9.6 
9.8 
9.8 
9 . 8  _.-  
9.7 

10.1 
10.1 
10.4 
10.7 
10.5 
10.0 

9.7 
9.8 

10.0 
8.9 
7.8 
7.5 
7.6 
7.2 
6.3 
5.5 
4.7 
4.2 
4.0 
3.7 
2.6 
2.0 
2.2 
2.6 
3.2 
3.9 
4. a 
5.5 
5.9 
6.6 
7.6 
8.4 
9.2 
9.4 
9.8 

10.8 
12.1 
13.6 
14.2 
14.2 
12.1 
10.8 

9.9 
9 0  1 
8.2 
9 .6  

0 4 2  b E- 0 2 
0 3 72 E-02 
0.326E-02 
0.0285E-02 
0 L46E-0 2 
0 2 1 3 E-0 2 
0 18 5 E-0 2 
0 162E-02 
0 143E-02 

0 l l 6 k - 0 2  
0 . 102E-02 
0 8 8  7 t - 0 3  
00773E-03 
0.717E-03 
0.657E-03 
0 562E-03 
0 479 E-0 3 
2.427E-03 
0 -387E-03 
0 3 4 5  t-0 3 
i) -3GZE-03 
0 26 3t-G 3 
0 2 2 7 t -0  3 
0.19 9 E-0 3 

0 .  ii4E-03 
0 995  t - 0 4  
0.866E-04 
i) 754E-04 
0 663  E-0 4 
0 5 9 2E-04 
0 5 1 5 t - 0 4  
0.439t-04 
0 3 8 2  E-04 
0 3 34E-04 
0.293E-04 
0.253E-04 
0.210t-04 
0 174E-04 
Os144E-04 
0 .  i 23E-04  
0 107E-04 
0 956E-05 
0.8 1l.E-O 5 
0 0 6 5 2 t - 0 5  
0 5 2 7E-0 5 
0 -417E-05 
0 32 8E-05 
0.263E-05 

6.6 
7.8 
8.9 
9 09 
9. i  
8.4 -~ 
8 - 2  
8.7 
8.7 

10.4 
12.9 
13.4 
10.8 

8.9 
13.5 
17.1 
1 3  .o 

b o 6  
9.3 

12.0 
11.8 
11.7 
9 .9 
6.8 
5.8 
8.6 
8.9 
3.6 
0.1 

-0.4 
-0.9 
-1.2 
-u.3 

2.3 
2.7 
L.3 
2.3 
4.2 
6.6 
8.0 
5.4 
5.1 
4.6 
7.6 

11.9 
2 U . L  
22.6 
18.6 
15.2 

9 e 6  
3.4 
1.5 

A L T I T U D E  TEMPERATURF PRESSURE DEVIATION DEhSITY DEv I AT I UIL 
M M S L  DEG K h T / W  14 PER CEivT KG/CU M PER CEiUT 

256.7 0.313E 03 
257.2 0.275E 03 
257.8 0.24l.E 03 
258.6 00212E 03 
262  9 0.186E 03 
267.2 0.163E 03 
2 7 1  - 5  0 0 1 4 4 E  03 
273.1 0.127E 03 
27L. 8 0.113E 03 
271.2 0.100E 03 
264.8 O.fl82E 0 2  
262 a6 0.775E 02 
267.9 0.682E 02 
271.6 0.603E 02 
259.3 0.533E 02 
2.66.8 0.465E 0 2  
251.5 9.406E C2 
259.0 0.356E 02 
255.8 0.313E U2 
246  7 0.274E 02 
241.2 0.238E 02 
239.7 0.207E 02 
239.3 0.18Ot 02 
241.0 0.157E 02 
239.2 G.136E U2 
229.4 J.118E U2 
221.8 O . l U 2 E  02 
227.9 0.87flE 01  
232 .1  0.76l.E 01 
230.5 0.658E 01 
224.9 0.569E 0 1  
227.1 0.492E 0 1  
222.9 0.424E 0 1  
214.4 0.364E 0 1  
210.2 0.311E 01 
210.5 0.265E 0 1  
2d6.5 O.ZL6E 0 1  
20U. 1 0 0 1 9 2 E  0 1  
193.2 0.162E O f  
186.7 0.136E 0, 
188.3 0.113E 0 1  
190.4 0.955E 00 
193.5 0.803E 00 
190.5 0.677E 0 0  
184.4 0.566E 00 
171.5 CmL71E 00  
165.1 0.384E 00 
168.7 0.316E 00 
172.2 0.26l.E 00 
179.8 0 0 2 1 5 E  00 
185.0 0.178E 0 0  
198.2 0.150E 00 

21 



WALLOPS 

A L T I T U D E  
Iv! P S L  

3 2 0 0 3  
' 33000  
3 4 0 0 9  
15050  
36000 
3 7 0 0 0  
3 9 0 0 0  
3 9 0 0 0  
4 0 0 u o  
4 1 0 0 0  
4 7 0 3 0  
47000 
4 4 0 u 6  
4 5 0 0 0  
4 6 0 0 0  
4 7 0 0 0  
480 iJO 
4 9 0 0 0  
5 6 0 0 6  
51000  
5 2 0 0 Q  
5 3 000 
5 4 0 0 0  
5 5 0 0 0  
5 6 0 @ 0  
5 7 0 0 0  
5 9 0 0 0  
5 9 0 0 0  
60 o u u  
5 1 0 0 0  
6 2 0 0 0  
6 3 O O G  
6 4 0 0 0  
65900  
6 6 0 0 0  
6 7 0 0 0  
6 8 0 0 0  
6 9 V V O  
7 0 0 3 0  
7 1 Odd 
7 2 0 0 0  
7 3 0 0 c )  
7 4 C 0 0  
7 5 0 0 0  
7 6 0 0 0  
7 7 0 u 0  
7 9 C O O  
7 9  0 0 0  
8 3 0 9 0  
r! 1000 
R 2 000 
8 3 0 0 3  
8 4 0 9 0  
8 5 0 0 0  

37300 
S 9 C O Q  
8 9 0 0 3  
90 000 
9 1 0 0 0  

9 3 0 0 0  
9 4 0 u 3  
9 5 0 3 0  
96  300  

a6000 

92000 

SUMMARY OF ROCKET GRENADE DATA 

E X P E R I M E N T  1 0 . 4 1 5  

ARRAY NUMBER 1 9  LAUNCH TIME 1 7 4 5 2  

DATE 1 9  NOVEMBER 1 9 7 5  

TE MP t K A T  Uii k 
I > t G  K 

***** 
229.5 
230 .0  
2 3 0 . 5  
231.4 
234 .4  
237 .4  
240 .4  
244.3 
250 .3  
256.3 
261.7 
264.2 
266.6 
26P.L 
269 .3  
269.7 
7 6 7 . 9  
266 .1  
263.7 
2 6 1  - 3  
258.4 
255.1 
252.5 
251.7 
2 5 0 . 9  
248.2 
2'15.4 
245.6 
246.7 
247.2 
247.4 
246.4 
244 .3  
241 .1  
236 .3  
232.6 
231.2 
229 .0  
225.1 
221 .8  
219 .4  
217.8 
217.5 
216.1  
213 .7  
204.6 
191 .7  
188.7 
18R.5 
202-. 1 
211.0 
209.2 
202.5 
192.9 
2U6.Z 
22Q.O 
224.3 
279.2 
2 1 8 . 9  
201.3 
191.3 
194.5 
196.8 
196 .1  

0.849E 03 
0.732E 03  
0.632E 03  
0a546E 0 3  
0.471E 0 3  
0.407E 03  
0 . 3 5 2 t  0 3  
0.307E 03  
0.267E 03 
0.233E 03  
U.ZU3F u3 
0 . 1 7 R t  03  
b.157E 0 3  
U.13RE 03 
0.122E u3 
0 0 1 0 7 E  33 
0.950E 32 
0.839E 02 
0.739F u2 
0.652E 02 
0.573E 02 
0.504E 02 
d.442E 02 
0.387E OL 
0.339E 02  
u e 2 9 6 t  02 
0.259E U L  
0.726E 07 
0 .197E 02 
0.172E 02 
0.150E U L  
ti.13l.E 02 
0 . 1 1 4 t  0 2  
0.lOOE 02 
0.873E 01 
0.760E 01 
0 0 6 5 H E  01 
U.57bE Ul 
0.493E 01 
Um426E U l  
0.36hE 01 
0.315E 01 
0.270E 0 1  
0 . 2 3 2 i  01 
U e 1 9 9 F .  01 
0.170E 01 
0.145E 01 
0.123E 01 
0.103E 0 1  
0.864E 00 
0.726E 00  
U.621E Vc) 
0.530E 0 0  
0.452E 00 
0.381E 0 0  
0.322E U 0  
0.277E 0 0  
0.23RE uc 
0.206E 0 0  
0.17RF 0 0  

U t V  I AT IOt\  
PER CElVT 

-4.4 
-4.5 
-4.7 
-4.9 
-5.3 
- 5 . d  
-6.4 
-6.6 
-6.9 
-7.4 
-7 .6 

-7.5 
-7.1 
-7.0 
-7.U 
-7.0 
-7.0 
-7. 2 
-7.4 
-7.8 
-8.2 
-8.7 
-9.3 
-9.9 

-13.4 
-10.8 
-11.4 

-12.4 
-12.6 
-12.7 
-12.6 
-12.4 
-12.0 
-11.7 
-11.5 
-11.1 
-10.6 
-10.v 

-9.4 
eR.6 
-7.8 
-6.7 

-3.7 
-1.9 
-1.0 
-0.4 

0.  3 
1.4 
4.1 
6 .  9 
9.6 

11.2 
12.9 
16.7 
20.7 
25.4 
30.3 

33.3 
33 .4  
33.7 
33.7 

-7.4 

-12.0 

-5.3 

3?.0 

0.12 Y t - d l  
i ) .  1 I I t-u i 
0 Y 5  7 t -dZ 
U. 82 5 t - c ) L  
u. 7 1 UE-i)2 
0 a60 5 t - 0 2  
0 - 5 1  7 t - 0 2  
0 4 4 4  E-02 
U . 3 8 C t - i ) Z  
0 32 3 E-0 2 
u.2 lbt ' -U2 
0 .23 YE-0 2 
0.20 7 t - 0 2  
U.180E-02 
d 1 5 8  t - 0 2  
0 13 Y t-32 
U.1ZLE-02 
0.10YE-02 
3 I 9 6 8 t - 0 3  
0 0 6  1 t-0 3 
0 7 6 4  t -03 
U 6 7  9 t-0 3 
0.604E-03 
u 0 5 3 4 t - U 3  
0 4 6 9  k-0 3 
U 4 1 2 k-9 3 
0 -364E-03  
U 32 1 E-03 
0 28 WE-0 3 
i) 0243E-03  
0.21ZE-U3 
0 r.18 5 k-03 
0 1 6  2 E-i) 3 
0 . 1 4 3 t - 0 3  
0 .  i 2  &E-0 3 
00 1 1 2 t - 0 3  
0.985E-04 
0 . 859E-04 
U a 7 5 0  E-04 
0 65  SE-04 
0.57 bE-04 
0.5UUE-04 
0 e43 2 E-04 
0 3 7 1  t - 0 4  
0 32 1 E-04 
U 2 7 7 t - 0 4  
0 2 4  BE-04 
0 .  Z 2 5 E-04 
0.19OE-04 
i) 1 5 9 t-0 4 
0 1 2 5 E--0 4 
0.102 t - 0 4  
0 8 8 3 E- 0 5 

0 6 8  9E-0 5 
3 . 5 4 4 t - 0  5 

3.370E-05 
0 3 14E-0 5 

0 Z 6 3 k-0 5 
0 .232  t - 0  5 

3.161 t - 3 5  
i) 1 3  bE-d 5 

0.777L-0 5 

0.43 9 E-95 

U . LR 4 k - 0  5 

0.192K-05 

-4.7 
-3.8 
-3.1 
- 2  e4 
-2.1 
- 2  .U 
-3 .5  
-3 .8  
-4.6 
-6.3 
-7.d 
-8.5 
-8.3 
-8.0 
-7.5 
-6.9 
-6.7 
-6.1 
-5  - 6  
-5.0 
- 4 w 5  
-4.3 
-4.3 
-4.6 
-5.6 
-6.6 
-6.7 
-7 .0  
- 6 . 3  
-9.8 

- 1 1 . 3  
-12.8 
-13.7 
-1 4 -2 
-14.1 
-1 3 05 
-13.5 
-14.0 
-14.2 
-13.7 
-1 3.4 
-13.4 
-13.7 
- 1 4 - 2  
-14.0 
- 1 3 . 3  

-9.7 
-4.8 
-4.b 
- 3  m8 
-9.3 

f l O . 8  
-7  - 6  
-2.2 

4.1 
-1.0 
-4.1 
-2.7 
-0.7 

9.3 
23 .2  
32.1 
32 m 1  
3 2  -9 
35 .4  

22 



WALLOPS 

SUMMARY OF ROCKET GRENADE DATA 

EXPERIMENT 1 0 . 4 2 3  

ARRAY NUMBER 1 9  
DATE 2 1  NOVEMBER 1 9 7 5  

LAUNCH TIME 0 4 1 1 2  

DEVIATION DENS I T Y  DEVIATION ALT I TUDE TEMP ERA T U R E P R E S  S UR E 
DEG K NT/SW P P E R  CENT KG/CU Pi PEK CENT M MSL 

3 2 0 0 0  
3 3 0 0 0  
3 4 0 0 0  
3 5 0 0 0  
3 6 0 0 0  
3 7 0 0 0  
38000  
3 9 0 0 0  
40 000 
4 1 0 0 0  
4 2 0 0 0  
4 3 0 0 0  
4 4 0 0 0  
4 5 0 0 0  
4 6 0 0 0  
4 7 0 0 0  
48  000 
4 9  000 
50000 
5 1 0 0 0  
5 2 0 0 0  
5 3 0 0 0  
5 4 0 0 0  
5 5 0 0 0  
5 6 0 0 0  
5 7 0 0 0  
5 8 0 0 0  
5 9 0 0 0  
65 000 
6 1 0 0 0  
6 2 0 0 0  
6 3 0 0 0  
6 4 0 0 0  
6 5 0 0 0  
6 6 0 0 0  
6 7 0 0 0  
68  000 
6 9 0 0 0  
7 0  0 0 0  
7 1 0 0 0  
7 2 0 0 0  
7 3 0 0 0  
7 4 0 0 0  
7 5 0 0 0  
7 6 0 0 0  
77000  

7 9 0 0 0  
8 O O J O  
8 1 0 0 0  

8 3 0 0 0  
8 4 0 0 0  
8 5 0 0 0  
8 6 000 
8 7 0 0 0  
8 8 0 0 0  
n 9 0 0 0  
90 000 
9 1 0 0 0  
9 2 0 0 0  
9 3 0 0 0  

7aooo 

a 2 0 0 0  

228 .2  
230.7 
233.1 
235.6 
238.0 
240.4 
242.8 
245  1 
2 4 6  1 
246.5 
246.9 
2 4 8  8 
251.5 
253.8 
253.9 
254.0 
253.6 
253 .0  
252.9 
253.6 
254.1 
253.4 
252.8 
250.1 
246.8 
246.6 
249.6 
251.2 
249.0 
246.9 
2 4 5  8 
244.7 
244.2 
2 4 3  0 6  
238.7 
233.3 
231.0 
229.5 
229.4 
229.6 
228.0 
226.1 
228.5 
231.5 
2 2 5  3 
219 .2  
213.9 
211.9 
217.9 
223.8 
214 .4  
196.7 
179.0 
163.2 
158.4 
170.3 
183.8 
199.6 
215.9 
217.8 
220.6 
223 .4  

0.813E 03 
0.700E 03 
0.605E 03 
0.525E 03 
0.455E 03 
0.394E 03 
0.343E 03 
0.299E 03 
0.261E 03 
0.227E 03 
0.198E 03 
0.173E 03 
0.151E 03 
0.132E 03 
0.116E 03 
0.10I.E 03  
0.893.E 02 
0.780E 02 
0 0 6 8 3 E  02 
0.598E 02 
0.524E 02 
0.459E 0 2  
0.402E 02 
0.352E 02 
0.307E 02 
0.268E 02 
0.234E 02 
00205E 02 
0.179E 02 
0.156E 02 
0.136E 02 
0.119E 02 
0.104E 02 
0.907E 0 1  
0.791E 0 1  
0.685E 01 
0.594E 01 
0.513E 01 
0.444E 0 1  
0.363E 01 
0e332E 01 
0.286E 0 1  
0.247E 01 
0.214E 0 1  
0.185E 01  
0.159E 01  
0.136E 01 
0.116E 01 
0.999E U(i 
0.862E 00 
0.744E 00  
0.643E 00 
0.536E 00 
0.443E 00 
0.356E 03 
0.292E 00 
0.242E 00 
0.202E 00  
0.173E 00  
0.148E 0 0  
0.128E 0 0  
O m l l O E  00 

-8.5 
-8.6 
-8.7 
-806  
-8.6 
-8.8 
-8.9 
-8.9 
-9.0 
-9.3 
-9.7 

-10.2 
-10.6 
-11.0 
-11.5 
-12.2 
-12.8 
-13.6 
-14.3 
-15.0 
-15.7 
-16.4 
-17.0 
-17.6 
-18.3 
-19.’0 
-19.5 
-19.8 
- 2 0 0 0  
-20.3 
-20.6 
-20.8 
-20.8 
-20.7 
-20.3 
-20.3 
-20.2 
-19.9 
-19  5 
-18.9 
-18.0 
-17.0 
-15.8 
-14.0 
-11.9 
-10.1 
-8.1 
-6.2 
-3.5 

0.1 
3.8 
7.8 

7.3 
4.0 
2.4 
2.1 
2.5 
5.5 
8.5 

11.9 
15.2 

a.2 

0.124E-01 
0.105E-01 
0.904E-02 
0 77bE-02  
0 . 6 6 b t - 0 2  
0.572E-02 
0 4 9 2  E-0 2 
0 4 2  5 E- 0 2 
0.369E-02 
0 3 2 1 E- 0 2 
0 2 8 0  E-02 
0 rn 2 4 2  E- 0 2 
0.209E-02 
0.181E-02 
0.159E-02 
0.139E-02 
0 0 12ZE-02 
0.  107h-02  
0 . 9 4 0 t - 0 3  

0.718E-03 
0 6 3 1 E- 0 3 
0 5 5 4  E-0 3 
0 0490E-03  
0 4 3 4 E-0 3 
0 37  8 t-0 3 
0 326E-03 
0 0284E-03  
0 2 5  1E-0 3 
0 22  1 E-0 3 
0.193E-03 
0 169E-03 
0e148E-03  
0 129E-03 
0 1 1 5 E-0 3 
0.102E-03 

0 779E-04  
0 0 6 7 4 E - 0 4  
0 0 5 8 2 6 - 0 4  
0 . 5 0 7 t - 0 4  

0 .  a2  IE-o 3 

o . a 9 5 ~ - 0 4  

0 44 1 E-04 
0 rn 37bE-04 
0.322E-04 
0 a 2 8  6E-04 
0.252E-04 
(3 2 2  2 E-G 4 
0 1 9 1 E- 0 4 
0.159E-04 
0.134E-04 
0.120E-04 
0.113E-04 
0 1 0 4 E - 0 4  
0.945 E-0 5 
0 784E-05 
0 597E-05 
0 4 5  9E-0 5 
0 3 5 3 E- 0 5 

0 2 3  7E-0 5 
0 202E-0 5 
I) 1 7 2  E-0 5 

0 . 2 a i t - 0 5  

-8.4 
-8  05 
-8 - 4  

-8.1 
-8.2 
-8.1 
-8.0 
-7.5 
-6.9 
-6  -4 
-6.6 
-7.1 
-7 .4 
-7.0 
-6.7 
-7.0 
-7.6 
-8.3 
-9.3 

-10.3 
-11.1 
-12.2 
-12.5 
-12.7 
-14.1 
-16.3 
- 1 7 - 7  
-17.9 
-16.1 -18.9 

-20.0 
-21.1 
-22.1 
-21.5 
-20.9 
-21.4 
-22.0 
-22.9 
-23 08 
-23.8 
-23.7 
-24.8 
-25.7 
-23.3 
-21.2 
-19.0 
-18.4 
-2U.O 
-19.2 
-12.4 

-0 09 
9.1 

18.8 
18.5 

8.6 
0.3 

-7.2 
-11.3 

-8.4 
-5.2 
-2.1 

-8.2 
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SUMMARY OF ROCKET GRENADE DATA 
EXPERIMENT 1 0 . 4  2 4 

WALLOPS ARRAY NUMBER 1 9  LAUNCH TIME 1 6 5 7 2  

DATE 3 DECEMBER 1 9 7 5  

AL: I 

3 3 0 0 3  
3 4 0 0 0  
3 5 0 0 0  
3 6 0 0 0  
3 7 0 u 0  
3 8 0 0 0  
3 9 0 0 0  
40  000  
4 1 0 0 0  
4 2 3 3 0  
4 3 0 0 9  
4 4 0 0 0  
4 5 0 0 0  
4 6 0 0 0  
4 7 0 0 0  
4 8 0 0 0  
4 9 0 0 0  
50031; 
5 1 0 0 0  
5 2 0 0 0  
530UO 
5 4 0 0 3  
5 5 0 0 0  
5 6 0 0 0  
5 7 0 0 0  
5A00U 
5 9 0 0 0  
6 0  C100 
6 1 0 0 0  
6 2 0 0 9  
6 3 000  
6 4 0 0 0  
650dO 
660110 
6 7 0 3 0  
6 8 0 0 0  
6 9 0 0 0  
7 3 0 0 0  
7 1 0 0 0  
7 2 0 0 3  
7 300U 
7 4 0 0 0  
7 5 0 0 0  
7 6 0 0 0  
7 7 0 J O  
7 Y 000 
7 9 0 0 0  
90000 

8 2 0 0 0  
a l o w  

DEhS I TY 
DEG K N T / S U  lu: PER C E N T  K G I C U  1.1 

DEVIAT I O h  
PER C E h T  

DEV I AT I Oh TEMPERATUKE f R t S S U K E  

237.7 
239.4 
241.1 
242 .9  
244.4 
244 .4  
244 .4  
244.5 
244 .7  
245.3 
246.U 
246.5 
246.3 
246 .1  
247 .6  
249.7 
251.8 
254.U 
256 .1  
255 .8  
255.3 
254.5 
253 .4  
251.7 
248.7 
246.2 
247 .5  
2 4 8 . 9  
244.6 
239.7 
238.7 
239.2 
237.2 
233 .4  
229 .7  
226 .0  
221.4 
215 .6  
209.1 
201.6 
z00;u 
204 .1  
207.7 
210.7 
213.8 
217.8 
222.1 
226 .4  
217.0 
207.6 

0.772E 0 3  
0e670E 0 3  
0e581E 03  
0.5U6E 03  

0.384E 0 3  
0.334E 03 
0.291E 0 3  
0.254E 0 3  
0.221E 0 3  
0.193E 03  

0.146E 0 3  
O.12RE 0 3  
O S l l l E  0 3  
0.976E 02  
0.854E 02  
0.747E 0 2  
0.655E 02 
0.575E 02  
0e504E 02  
0.442E 02  
0e387E 02 
0.339E 02  
0.296E 02  
0.259E 02  
0e226E 02  
0 e l Y 7 E  07 
0.172E UZ 
0.150E 02  
0.130E 02  
Oe113E 02  
U.987E 01 
0.856E 0 1  
0.741E 01 
0.640E 0 1  

0.441E b3  

0.16RE 0 3  

0.551E 0 1  
0.473E 0 1  
0.404E U 1  
0 ; 3 4 4 E  o i  
0.290E 0 1  
0.246E 0 1  
0.2Ci9E 01 
u . i 7 9 ~  01 
0.153E 01 
U.131 t  01 
0e112E 0 1  
0 .9696  00  
O a H 3 5 E  00 
0.7UPE 0d 

0.7 
1.0 
1 .z 
1.6 
1.9 
1.9 
1.8 
1.6 
1.2 
0.6 
0.0 

-0.6 
-1.4 
-2.3 
-3.5 
-4.5 
-5.4 
-6.3 
-6.9 
-7.5 
-8.2 
-8.8 
-9.3 
-9.9 

-10.4 
-11.0 
-11.6 
-12.0 
-12.2 
-12.8 
-13.3 
-13.6 
-13.7 
-13.8 
-13.8 
-13.9 
-14.0 
-14.1 
-14.4 
-15.0 
-15.8 
-16.0 
-15.7 
-14.9 
-13.5 
-11.7 

-9.6 
-6.5 
-3.0 
-1.1 

0 1 1 3 L-0 1 
0 97  5 E-c) 2 
O e 8 4 0 t - 3 2  
0 7 2 6 E- 0 2 
0 .629 t -02  
U 0 5 4 7 t - 0 2  
0 47 7E-02 
0 4 1 5 E- O L 
0.36 1 t-0 2 
3 -314E-02  
0 s L 7 3 t - 0 2  

0 2U 7E-02 
0 1 8 1 t-0 2 
0 1 5  7E-02 
0 1 3  bE-02 

u .  ?3a  t - 0 2  

U m783t-03 
c) 66 7 t - 0 3  
(1.60 5t-03 
0.532t-03 
0 4 6 9  E-0 3 
c) a 4 1  5 €-a3 
i ) . 36b t -03  
I) 3 18t-0 3 
(1 2 7 b E-0 3 

U .  145E-93 
0 1 2 7 E-0 3 
0 11  2 t - 0 3  
U Y 8 b t - 0 4  
0 .86Ht -04  
0 7 6 5 t - 0 4  
U 6 7 4 t - 0 4  
U.5Y4t -04  
0 50  b t - 0 4  
0 42 OE-04 
0 3 5 1 t - 0 4  

U.249E-04 
U .  2 9 5  t - 0 4  

0 . 1 3 4 t - 0 4  
0 1 1 8 E- 0 4 

- 2 . 1  
- 1 . 3  
-0.6 
0.1 
3.8 
2 m u  
3.1 
4 .U  
4.7 

5.2 

5.7 
5 e t !  
5 - 0  
3.4 
1.6 

-u.1 
-1.6 
-2.2 
- 3 . 1  
-4.1 
-5.0 
-5.6 
-5.7 
-6.2 
-6.U 

- a 0 9  
-8.7 

-1u.3 
-12.2 
- 1 2  - 9  
-13.0 
-13.2 
-13.4 
-13.1 
-12.5 
-11.7 
-1U.7 
-12.5 
-i6.1 
-18.8 
-23.8 
-22.2 
-23.6 
-24.9 
-25.3 
-19.3 
-14.0 

5 e!, 

5.3 

-9.5 
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WALLOPS 

33000  
34000  
35000  
36000  
37000  
38000 
39000  
4 0 0 0 0  
4 1000 
4 2 0 0 0  
4 3 0 0 0  
4 4 0 0 0  
45000  
46000  
4 7 0 0 0  
48000  
49000  
50000  
51000  
5 2 0 0 0  
53000  
54000  
55000  
56000  

' 57000 
58000  
59000  
60 000 
61000  
6 2 0 0 0  
6 3000 
6 4 0 0 0  
6 5 0 0 0  
660QC 
6 7 0 0 0  
6 8 0 0 0  
69000 
70 000 
71000 
7 2 0 3 0  
7 3 0 0 0  
7 4 0 0 0  
7 5 0 0 0  
7 6 0 0 0  
7 7 0 0 0  
7 8 0 0 0  
7 9 0 0 0  
80000 
81000 
8 2 0 0 0  
8 3000 
8 4 0 0 0  
8 5000  
8 6 0 0 0  
87000 
88000 
8 9 0 0 0  

SUMMARY OF ROCKET GRENADE DATA 
EXPERIMENT 1 0 . 4 1 0  

ARRAY NUMBER 1 9  

DATE 4 DECEMBER 1 9 7 5  
LAUNCH TIME 0 5 2 5 2  

TEMPtRATURE PRESSUKE DEVIATION KG,CU DkN5 I T Y  B- t V  I AT ION 
DEG K NTI.50 M PER CENT ER C t N T  
235.2 
236.3 
237.3 
238.4 
239.5 
240.6 
241.6 
242.6 
243 5 
244. 5 
245.3 
246.1 
247.2 
248.6 
249.6 
249.3 
249;l, 
250.5 
252.4 
252.9 
252.2 
251.3 
250.0 
248.6 
248.9 
249.1 
247.2 
244.5 
2 4 1  8 
240.2 
239.8 
239.3 
236.4 
229.1 
222.4 
217.2 
212.8 
210.3 
208.4 
207.4 
206.3 
206.2 
207.3 
20E.3 
213.7 
221.8 
225.7 
228.5 
228.6 
226.6 
218.6 
210.6 
205.5 
201.5 
197.5 
225 ; i  
256.4 

0.759E 03 
0.650E 03 
0.570E 03 
0.493E 03 
0.428E 03 
0.372E 03 
0 0 3 2 3 E  03 
0.281E 03 
0.244E 03 
0.213E 03 
0.185E 33 
0.162E 03 
0.141E 03 
0.123E 0 3  
0.107E 03 
0.943E 02 
U.824E 02 
0.720E 02 
0.630E 02 
0.551E 02 
0.483E 02 
0.422E 02 
0.370E 02 
0.323E 02 
0.282E 02 
0*246E 02 
0.215E 02 
0.188E 02 
0.163E 02 
0.142E 02 
0.123E 02  
0.107E 02 
0.937E 01 
0.812E 0 1  
0.699E 01  
0.601E 0 1  
0.514E 0 1  
0.439E 0 1  
0.374E 0 1  
U.318E 0 1  
0.271E 0 1  
0.230E 01 
0.196E 0 1  
0.167E 0 1  
0.142E 01 
0.122E 01 
0.105E 0 1  
0.910E- 00 
0.787E 00 
0.680E 30 
0.585E 0 0  
0.498E 00 
0.425E 00 
0.362E 00 
0.306E 00 
0.258E 00 
00225E 00 

-0.9 
-0.7 
-0.7 
-0.9 
-1.1 
-1.2 
-1.5 
-1.9 
-2.4 
-2.9 
-3.6 
-4.3 
-5.1 
-5.9 
- 6 - 8  
-7.7 
-8.7 
-9.7 

-10.5 
-11.3 
-12.0 
-12.7 
-13.4 
-14.1 
-14.7 

-18.0 
-18.1 
-18.2 
-18.7 -IS. 1 
-19.8 
-20.3 
-20.8 
-21.2 
-21.4 _ _  
-21.4 
-21.2 
-20.6 
-14 .6  
-17.8 
-15.3 
-12.2 

-8.6 
-5.0 
-1.8 

0.6 
3.1 
5.6 
7.3 
8.9 

14.2 

0 112E-01 
0.970E-02 
0 83 6E-0 2 
0 72 1 e-0 2 
0 622  t-0 2 
0.53 8 E-0 2 
0 -466E-02 
0.404E-02 
0 3 5OE-0 2 
0 304E-02 
0 -264E-02 
0 229E-0 2 
0.199E-02 
0 173 E-02 
0 .  L50E-02 
0.131E-02 
0 11 5 E-0 2 
0 100E-02 
0 8 6 9 E- 0 3 
0 760k-0  3 
0 66 ?t-0 3 
0.586E-03 
U -5 15E-03 
0 45 2 E-0 3 
0 39 5 E-03 
0 3 4 5 e-0 3 
c) 3 0 4  t-0 3 
0 26 BE-03 
0 23 5 t-0 3 
0.206E-03 
0 180E-0 3 
0 15 6 E-0 3 
Q.138E-03 
0 0 1 2  3 k-0 3 
0.10YE-03 
0.964F--04 
0 ;8425-04 
0.727E-04 
U 6 2 6E-O 4 
0 53 5 E-04 
0 4 5 7 E-0 4 
0.389E-04 
0 329E-04 
0 -27YE-04 
0.232E-04 
0 192E-04 
0 162E-04 
0.138E-04 
0 11 9E-04 

0 400E-05 
0.306t-05 

-2.7 
-1 08 
-1.1 
-0.5 
-0.1 
0 04 
U.8 
1.1 
1.3 
1.5 
1.5 
1.6 
1.3 
0.9 
U.6 
0.0 

-U.8 
-2.5 
-4.0 
-5.1 
-6 0 0  
-7.1 
-8.0 
-8.9 

-1U.3 
-11.6 
-12.0 
-12.3 
-12.7 
-13.6 
-15.2 
-16.7 
-17.1 
-16.0 
-15 04  
-15.3 
-15.7 
-16.8 
-18.0 
-19.5 
-2U.8  
-22.3 
-23.9 
-25.2 
-27.6 
-34 1 
-3u.7 
-30.5 
-27.8 
-24.3 
-18.9 
-13.7 
-Y 03 
-5.3 
-1.8 

-12.5 
-19.5 
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SECTION 4 
COMPARISON OF TEMPERATURES 

OBTAINED BY ACOUSTIC GRENADE AND 
THERMISTOR SOUNDINGS OF THE UPPER ATMOSPHERE 

ABSTMCT 

The measurement of upper atmospheric temperature using a 

rocket borne thermistor is routinely performed at numerous lo- 

cations daily all over the world. The temperatures measured 

by the thermistor suffer from many errors (for example, radi- 

ative, frictional and ohmic heating) and must be corrected to 

obtain the true ambient air temperature. These corrections must 

be determined theoretically f o r  each type of thermistor payload 

since they are quite dependent on the properties of the ther- 

mistor and the way it is placed in the payload. As part of an 

effort to provide ground truth data for satellite flyovers, a 

series of Datasonde thermistor payloads was launched at NASA 

Wallops Island nearly concurrently with acoustic grenade pay- 

loads so that the temperature of the same parcel of the atmos- 

phere could be determined by the three techniques at nearly the 

same time. Both day and night launches were carried out to 

isolate the effect of solar radiation on the thermistor payload. 

This report details the results of the comparison of both the 

uncorrected and corrected Datasonde temperatures with those ob- 

tained by the acoustic grenade technique, a method whose temper- 

ature accuracy is nominally - + 2  Kelvin degrees over the altitude 

range covered by the Datasonde, The comparison data sets were 

26 



supplemented w i t h  a r c h i v a l  sets i n  which the grenade and 

Datasonde payloads w e r e  launched very c l o s e l y  t o g e t h e r  i n  t h e .  

The  c o r r e c t e d  Datasonde temperatures  compared w e l l  s t a t i s t i c a l l y  

wi th  the grenade temperatures;  the d i f f e r e n c e s  between the t w o  

w e r e  s c a t t e r e d  about  zero .  Since t h e  Datasonde c o r r e c t i o n  

technique  a p p l i e s  t o  a l t i t u d e s  below 7 0  km on ly ,  t h e  uncorrec ted  

data w a s  used t o  estimate an empir ica l  c o r r e c t i o n  scheme f o r  

data above 7 0  km,  us ing  the grenade d a t a  as the t r u e  temperature .  

The r e s u l t s  showed t h a t  a t  NASA Wallops I s l a n d  the Datasonde 

tempera tures  a t  8 0  km are approximately 1 3 0  and 45  Kelvin degrees  

too warm €or day and n i g h t  launches,  r e s p e c t i v e l y .  

ana lyses  are presented  for C h u r c h i l l  Datasonde/grenade launches 

and f o r  uncorrected Arcasonde/grenade launches a t  NASA Wallops 

I s l a n d .  

S i m i l a r  
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